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1.0 EXECUTIVE SUMMARY

Purpose of This Document

This document is in support of applications for permits 

to construct expansion facilities at the Prudhoe Bay Oil Field, 

Alaska in accordance with the requirements of the Environmental 
Protection Agency's (EPA) Prevention of Significant Deteriora
tion (PSD) regulations, promulgated Jione 19, 1978.* This docu
ment is presented by Sohio Petroleum Company (SOHIO) and ARCO 

Oil and Gas Company (a division of Atlantic Richfield Company) 
(ARCO), on behalf of the Prudhoe Bay Unit Owners.

Backgromd

Oil production from the Prudhoe Bay Oil Pool began in 

1977. During the past two years continued field development 
including facility expansions have brought the current produc
tion to approximately 1.2 million barrels of oil per day.
Approval for the latest facility expansion was granted by EPA 

Region X in May 1979 for the installation of several new gas- 

fired turbines. The Unit owners have determined that further 

facility expansion is required to increase oil recovery and 

field oil offtake rates. These expansions include facilities 

for Produced Water Injection (PWI), Artificial Lift (AL), Low 

Pressure Separation (LPS) and Waterflood (WF). New facilities 

for PWI, AL, LPS and ancilliary equipment are covered in this 

document. The new Waterflood facilities are covered under a 

separate PSD application.

’'Operators are aware, as a result of Court decisions, that change 
to the present PSD regulations have been proposed.
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Project Description

The new PWI, AL, and LPS projects represent the appli
cation of proven technologies to increase oil recovery and to 

maintain crude oil production from the Prudhoe Bay reservoir. 

Produced Water Injection (PWI) involves separating and injecting 

water produced with the oil back into the ground. Artificial 
Lift (AL) involves artificially "lifting” the crude oil up the 

well with natural gas. The Low Pressure Separation (LPS) project 

is required to reduce the wellhead pressure in the surface 

separation process as reservoir pressure declines.

Project Schedule

Procurement will be initiated in early 1980 and will 
not be completed until the end of 1984. Module fabrication will 
begin in mid-1980 and will continue through the end of 1984. 
Installation will begin in mid-1981 and continue through the 

latter part of 1985. Start up of the PWI, AL and LPS projects 

will be continuous over approximately 3% years starting in 1982 

and ending in 1985.

Air Pollutant Emissions Sources

Atmospheric emissions from the new PWI, AL and LPS 

facilities will be produced by about thirty-one (31) gas-fired 

heaters totaling 1,520 million Btu/hr and approximately 42 gas- 

fired combustion turbines totaling 827,000 horsepower. These 

sources will have total potential emissions as shown below.

Pollutant
NOHC''( total)
CO
TSP
SO2

Potential Emissions Tons/Yr
22,645

744
4,099

586
18
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PSD Applicability

The new PWI, AL and IPS facilities are subject to PSD 

review because they have the potential to emit , CO, and TSP 

in excess of 250 tons/yr. Although total hydrocarbon emissions 

may exceed 250 tons per year (based on estimates made using EPA 

emission factors), non-methane hydrocarbon (NMHC) emissions will 
be less than 250 tons per year.

Because of the low NMHC emissions and the lack of 

evidence for significant photochemical formation of ozone in the 

Prudhoe Bay area, an analysis of the impact of NMHC emissions on 

ozone levels was not performed. Rather, the impacts of total 
hydrocarbon emissions on the federal 3-hour (6-9 a.m.) NMHC 
guideline of 160 ug/m^ were predicted and shown to be low (9.6 

ug/m^ as compared to an estimated background of 40 ug/m^).

Control Technology Review

All applicable state and federal emission regulations 

will be met.

The proposed sources will emit more than 50 tons/yr of 

NO^, HC, CO and TSP and therefore. Best Available Control Tech
nology (BACT), must be applied to these emissions.

--For Combustion Turbines--

NO - BACT is natural gas-firing. Dry controls of 

NO^ were determined to be commercially unavailable 

within the time frame defined for the desired 

application. Water or steam injection are neither 

technically plausible, environmentally acceptable, 
nor economically feasible for use on the North
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Slope. Firing with oil would yield more emissions 

of all pollutants than gas-firing.

TSP - BACT is natural gas-firing. There is no 

alternative which produces lower TSP emissions.

Reducing HC and 

emissions. This
HC, CO - BACT is "no control".
CO emissions would increase NO X

would be counterproductive to overall emission 

control.

--For Process Heaters--

NO - BACT is natural gas-firing. High efficiency 

NO^ removal systems such as off-stoichiometric com
bustion are still in the unproven stage and should 

not be experimented with in the harsh Arctic en
vironment. More commonly used NO^ controls such 

as controlled combustion have the potential for 

maintenance and safety problems because of the 

environment. Also, most of the heaters are too 

small to make control investments economical when 

compared with benefits.

HC, CO, TSP - BACT is natural gas-firing. No 

alternative controls are available to achieve 

lower emissions than natural gas-firing.

Air Quality Review

The Prudhoe Bay area is an attainment PSD Class II 

area for all criteria pollutants. The results of the air quality 

impact analyses show that none of the National Ambient Air
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Quality Standards (NAAQS) or applicable PSD increments are 
exceeded as a result of emissions from the new PWI, AL, and LPS 

facilities. Baseline air quality concentrations were calculated 

by adding dispersion model predictions for baseline (non-PSD) 

sources, both Unit and non-Unit, to background levels estimated 

from ambient measurements. PSD (increment consuming) sources 

modeled include 1) all sources permitted in the Unit's 1978 PSD 

application (approved May 1979), and 2) all proposed sources for 

PWI, AL, and LPS.

The pollutant of primary concern for this application 
is NO2 for which there is an annual NAAQS limit of 100 ug/m^. 
Dispersion modeling results show that the highest predicted NO2 

concentration from all sources, including existing sources and 

background, is 69 yg/m^. The contribution of the PWI, AL and 

LPS sources to this maximum is about 1 yg/m^. The highest annual 
NO2 contribution predicted for the proposed PWI, AL and LPS 

sources is 6 yg/m^ at a point where the total impact of all 
sources is 13 yg/m^.

Stack heights will not exceed Good Engineering Practice 

(GEP) heights. The potential impact from downwash from heater 

stacks was analyzed and was shown to be insignificant.

Existing Air Quality

The Unit is currently conducting a one-year ambient air 

monitoring program at two sites on the North Slope for NO2, TSP, 
ozone, CO, HC, SO2 and meteorology. Descriptions of the equip
ment, operations and quality assurance procedures have already 

been provided to EPA Region X and the State of Alaska Department 
of Environmental Conservation (DEC). The first quarterly data 
report (March-June 1979) submitted separately, shows that all

1-5



pollutant levels are low, well within NAAQS. Measured NO2 levels, 

for example, are less than 5 percent of the standard.

Maximum 1-hour ozone levels measured at the Unit sta
tions peaked in April at levels less than half the standard. 
Seasonal variation is expected to be small. Five years of research 

by NOAA at Point Barrow suggest that the monitors have either 

already measured the peak ambient ozone concentrations for the 

year or have measured levels close to the peak.

Impacts on Visibility, Soils and Vegetation

The impact on visibility, soils and vegetation in the 

Prudhoe Bay area resulting from-emissions of the new facilities 

will be negligible.

Impacts of Construction and Growth

The im^pact of construction of the new facilities on 

air quality will be small largely due to the fact that all equip
ment will probably be fabricated at existing sites in the con
tiguous United States. Reasonable precautions at Prudhoe Bay 

will be taken to minimize fugitive dust emissions during site 

construction in accordance with state criteria.

There will be little secondary growth accompanying the 

operation of the new facilities.
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2.0

2.1

INTRODUCTION

Applicant Information

This application is a dual application by SOHIO Petro
leum Company (SOHIO) and ARCO Oil and Gas Company (a division 

of Atlantic Richfield Company) (ARCO), operators on behalf of 

the Prudhoe Bay Unit. Addresses and contacts are as follows:

Owners

Prudhoe Bay Unit

Address of Operators

SOHIO Petroleum Company 
Pouch 6-612 
Anchorage, AK 99502

ARCO Oil and Gas Company 
Post Office Box 360 
Anchorage, AK 99510

Individuals Authorized to Act for Applicants

G. Nelson
Assistant General Manager, Operations 
SOHIO Petroleum Company 
Post Office Box 4-1379 
Anchorage, AK 99507 
(907) 265-0000

P. B. Norgaard
Vice President, ARCO Oil and Gas Company 
Post Office Box 360 
Anchorage, AK 99510 
(907) 277-5637
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Environmental Contacts for this Project

D. F. Dias
SOHIO Petroleum Company- 
Pouch 6-612 
Anchorage, AK 99502 
(907) 265-0174

W. P. Metz
ARCO Oil and Gas Company 
Post Office Box 360 
Anchorage, AK 99510 
(907) 265-6533

Location of Source

Prudhoe Bay Unit
Prudhoe Bay, Alaska 
Approximate Center of Prudhoe Bay Unit:

Latitude: 70° 17' N

Longitude: 148° 34' W

UTM Coordinates: 440.7 East
7797.2 North

2-2



2.2 Source Information

The Prudhoe Bay Unit Operators propose to construct 
additional facilities at the Prudhoe Bay Oil Field on Alaska's 

north slope to maintain oil extraction rates as well as to allow 

for continued expansion of the field. The location of the Prud
hoe Bay area is shown in Figure 2-1. These facilities will 
serve to:

(1) reduce surface separation pressure which is 

termed Low Pressure Separation (LPS),

(2) artificially gas lift the crude oil up the 

well with natural gas, termed Artificial 
Lift (AL),

(3) provide for the disposal of produced water 

by subsurface injection, termed Produced 

Water Injection (PWI), and

(4) allow well production testing at the well 
pads .

The facilities required consist of turbine driven 

pumps, gas/crude oil/produced water separators, heaters, gas 

treating, produced water treating, and pipelines. In addition, 

three fuel oil storage tanks and three ullage tanks for emergency 

use only will be constructed. Additional emergency flaring 

capacity will be required. A schematic of the proposed systems 

is shown in Figure 2-2.

Atmospheric emissions will be produced by turbines and 

heaters at the gathering centers, flow stations, and the Central 
Compressor Plant, and by additional heaters at the well pads
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operated on SOHIO's portion of the Prudhoe Bay Unit. The 
heaters, having an approximate total heat input of 1,530 x 10“ 
Btu (1,520 mm Btu) per hour; and the turbines, operating at an 
approximate total combined rating of 827 x 10^ horsepower (827 

MHP), will be fired by natural gas.

In accordance with Section 165 of the Clean Air Act, 
the Prudhoe Bay Unit Operators are applying to EPA Region X for 

a permit which will certify that the new facilities will be con
sistent with the Act's rules for Prevention of Significant Deter
ioration (PSD) of air quality and that they will implement Best 
Available Control Technology (BACT). This document is intended 

to support the granting of such a permit.
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3.0 DESCRIPTION OF THE PROPOSED EMITTING FACILITIES

Four types of facilities to be installed will generate 

or will have the potential to generate pollutants. These are:

(1) Combustion Turbine Prime Movers
(2) Process Heaters
(3) Petroleum Storage Tanks, and
(4) Gas/oil/water separator vessels.

Emissions from the first three will be vented directly 

to the atmosphere, although the quantities from the third source, 
the tankage, will be negligible. Under normal circumstances, 
there will be no emissions from the gas/oil/water separators, 

since return of gas and water to the subsurface producing forma
tion is an integral part of the present design. (Upon the 

development of gas sales, gas injection will of course largely 

cease). However, in an emergency and to protect lives and 

the installations, some gas may be flared to the atmosphere for 

minimal periods. The total horsepower and heater duty as well 
as the specific turbine and heater sizes at each gathering cen
ter, flow station, well pad, and at the Control Compressor 

Plant represent current engineering design requirements. The 

locations of these facilities and associated emissions sources 

are illustrated in Figure 3-1, Table 3-1 lists the new emissions 

sources associated with the project.

The Turbines

There are anticipated to be 42 compressor-drive 

combustion-turbines installed at Prudhoe Bay. These will be 

fired with natural gas from the Prudhoe Bay Field. They will 
vary in approximate individual power ratings from 1,400 horse
power to 36,000 horsepower for a combined total of 827,000
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TABLE 3-1
LIST OF ANTICIPATED NEW EMISSIONS SOURCES

Location Equipment
----------- ■ -- ===

Rating Quantity

SOHIO Gathering Center 1 Combustion Turbines 3.5 MHP 2
1.4 MHP 1

22.6 MHP 4

Gas Heaters 42.5 mm Btu/hr 2
5.0 mm Btu/hr 1

310.5 mm Btu/hr 1

SOHIO Gathering Center 2 Combustion Turbines 3.5 MHP 2
1.4 MHP 1

22.6 MHP 4
26.6 MHP 3

Gas Heaters 42.5 mm Btu/hr 3
310.5 mm Btu/hr 1

5.0 mm Btu/hr 1

SOHIO Gathering Center 3 Combustion Turbines 3.5 MHP 2
1.4 MHP 1

22.6 MHP 4

Gas Heaters 42.5 mm Btu/hr 2
5.0 mm Btu/hr 1

310.5 mm Btu/hr 1
SOHIO Well Pads A, B, Gas Heaters 10.0 mm Btu/hr 16

C, D, E, F, G, H, J, (1 per pad)
M, N, Q, R, S, X, Y.

Central Compressor Plant Combustion Turbine 25.0 MHP 1

Gas Heater 26.0 mm Btu/hr* 1

ARGO Flow Station 1 Combustion Turbines 5.0 MHP 2
36.0 MHP 3

ARGO Flow Station 2 Combustion Turbines 36.0 MHP 4
5.0 MHP** 2

Gas Heater 100.0 mm Btu/hr 1

ARGO Flow Station 3 Combustion Turbines 36.0 MHP 4
5.0 MHP** 2

SOHIO Gathering Centers Fuel Oil Storage 3
Tanks 42,000 gallons (1 per center)

* Previously permitted by State in June 1979.
**One of these units was previously permitted by the State in June 1979
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horsepower. Because of extremely high combustion temperatures, 
oxides of nitrogen (NO^) are the emissions of greatest quantity 

from the turbines, but the other pollutants will also be emitted. 
Emissions and stack parameters are presented in Appendix C.

The turbines will be housed in buildings of yet to be 

determined dimensions, but approximately 60 feet in height.
Ducts will carry the exhaust gases through the sides of the 

buildings and into stacks mounted to the sides of the buildings. 

The stacks will extend to approximately 60 feet above ground 

level.

These turbines will be located at SOHIO's gathering 

centers, ARGO' s flow stations, and the ARGO Gentral' Gom.pressor 
Plant. The distribution of turbines among gathering centers 

and flow stations will be roughly equal both in terms of number 
and total capacity, about six to ten apiece representing between 

99,000 and 154,000 horsepower. The Gentral Gompressor Plant will 
have one 25,000 horsepower turbine. These sites are located on 

Figure 3-1.

Gombusion turbines operate by drawing air through an 

intake, then comipressing the air with the front-end turbine 

blades, and forcing the air into a combustion chamber. A very 

hot flame fueled by gas or oil (gas for this application) causes 

continuous rapid heating and thus expansion of air within the 

combustion chamber. This expansion of air imparts a force on 

the remaining sets of turbine blades, causing them to move and 

the shaft to rotate. The exhaust air proceeds out the stack as 

a combination of air, combustion products (GO2 and H2O), and 

products of endothemic reactions such as NO and GO. The gases 

exit at high velocity and temperature. A typical turbine is 

sketched in Figure 3-2.
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The Process Heaters

About thirty-one process-heaters will be installed at 

Prudhoe Bay. These will be fired with natural gas from the Prud- 

hoe Bay Field. They will vary in individual heat output capacity 

from about 5 mm Btu per hour to about 310.5 mm Btu per hour.
Oxides of nitrogen (NO^) are the largest pollutant emissions from 

the heaters also. Other pollutants will be emitted in small 
amounts. Emissions from the heaters are presented in Appendices 

B and C.

The larger heaters will be housed in buildings of 

dimensions not yet designated, but not exceeding 60 feet in 

height. Ducts will carry the exhaust gases through the sides of 

the buildings. The stacks will extend approximately 60 feet 

above ground level. As stated in the description of the turbines, 

the height of the buildings will not exceed 60 feet. The smaller 

heaters located at drill pads will typically have stacks 45 feet 

above the ground.

A total of fifteen heaters will be located at SOHIO's 

gathering centers, ARGO's Flow Station 2 and the ARGO Gentral 
Gompressor Plant. One 10 mm Btu heater will be located at each 

of 16 SOHIO drill pads. In terms of heat capacity, the SOHIO 

gathering centers will be the largest heater facilities with 

400.5 mm Btu capacities at GG-1 and GG-3, and 443 mm Btu at GG-2. 
These sites are located in Figure 3-1.

These heaters are used to heat glycol directly for 

subsequent heating of building air, water, oil, and miscellaneous 

items; to directly heat water and oil; or to regenerate TEG used 

in natural gas dehydrating. Emissions are generated similarly 

to those from the turbines, but because the flame temperature in 

the heaters is lower than in the turbines, the NO yielded per
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mit of fuel burned is less. There is not a rapid expansion of 

air in the heaters, so their exhaust gases have a low velocity 

in the s tack.

The Petroleum Storage Tanks

Three 42,000 gallon tanks will be constructed at 

Prudhoe Bay for storing fuel oil. The fuel oil will be used for 

emergency use only. A t3rpical tank would be approximately 25 

feet in diam.eter and 15 feet tall. They will be of the conical 
fixed-roof type.

The only regulated pollutant, that will be emitted 

from the tanks, is hydrocarbon vapors. However, fuels of the ' 
type to be stored in the tanks are not very volatile. Further
more, because the diurnal variation in temperature is quite small 
at Prudhoe Bay, breathing losses from the tanks will be small.

Some hydrocarbon emissions are forced from the tanks 

when they are refilled. Still, these emissions will be small, 
because the extreme cold and low volatility of the fuels will 
keep the concentration of hydrocarbons in the expelled air low.

Three 100,000 gallon ullage tanks will be constructed 

for the purpose of storing crude oil, if and when there is a 

problem in the Alyeska Pipeline or the operating equipment of the 

Prudhoe Bay Oil Field requiring a shutdown. Crude oil is more 

volatile than its fuel oil derivatives, but because the tank will 
only be used for emergency purposes, emissions cannot be predicted 

and are assumed to be nonexistent.

The Separators

The separators are pressure vessels in which gas and 

water are removed from freshly-produced crude oil. This process
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requires the addition of heat, which is supplied by the heaters. 
As a result, no combustion occurs in the separators themselves.

The gases will be recovered from the separators and 

not vented to the flares. However, for an emergency, additional 
flare capacity is being installed to relieve gases if a dangerous 

separator back pressure should build. Like those of the ullage 

tank, emissions from emergency flaring are unpredictable and 

would be very small. They are not quantified in this permit 
application.

Emergency Flaring Capacity

As the production of the field progresses, the gas to 

oil ratio will increase requiring additional gas volumes to be 

handled during emergencies. Additional emergency flaring capac
ity will therefore be installed at the three SOHIO gathering 

centers.

Current projections indicate that under worst-case 

circumstances additional flaring capacity of 500 MMSCFD would be 

required at Gathering Center 1, an additional capacity of 400 

MSCFD at Gathering Center 2, and an additional capacity of 400 

MMSCFD at Gathering Center 3. However as the plant is designed 

and operated to minimize frequency and duration of emergencies; 
and the possibilities of "worst case" emergencies are considered 

extremely remote, the resultant emissions will be small and are 

not quantified in this application.

Operating Schedule

The proposed turbines and heaters are scheduled to 

operate continuously all year long and should be permitted for 

such operation. No use of the ullage tank nor flaring of
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separator gases is scheduled, but infrequent operation should be 

permitted for emergency purposes.

Milestone Schedule

A schedule of events leading to the construction and 

operation of the sources to be permitted is shown in Figure 3-3.
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4.0

4.1

DESCRIPTION OF THE EXISTING ENVIRONMENT

Site Topograohy and Land Use

The project area lies within the Arctic Coastal Plain 

of Northwestern Alaska in a region referred to as the Teshekpuk 

Lake section. The area is characterized by a uniformly flat 

terrain that slowly slopes downward to the coast of the Arctic 
Ocean. The elevation of the area is approximately 50 feet (15 

meters) above mean sea level (see Figure 4-1). Streams, chan
nels and other drainage systems are poorly defined and small, 
shallow lakes, ponds, and water-filled depressions constitute 

a significant portion of the surface area. A majority of the 

area, however, consists of a vegetated peaty bog formed on the 

slightly elevated areas. Permanently frozen ground underlies 

the entire region with the depth of the active layer (maximum 

depth of thaw) commonly being no more than 1.5 to 3 feet. The 

area is sparsely populated, and is used only for energy related 
activities and occasional subsistence game hunting and fishing.
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4.2 Climate

Prudhoe Bay has a very harsh, Arctic climate with 

extremely cold winters and very cool summers. Precipitation 

during the year averages less than ten inches, but this typi
cally includes 30 to 50 inches of snowfall. Blowing, drifting 

snow is common because of strong winds and the dry, powdery 

characteristics of most of the snow. Glaze or icing conditions 

are also relatively frequent during the year. Prevailing winds 

are from the east-northeast (off the Arctic Ocean). Annual 
average wind speeds are typically between ten and fifteen miles 

per hour. However, speeds of 30 to 50 miles per hour are 

common with winter storms (Ruffner, 1977).

Dispersion conditions in the project site area are 

generally good, primarily because of the good ventilation pro
vided by frequent moderate to strong winds. Poor dispersion 

conditions do occur occasionally during stable conditions when 

winds are very light, but periods of poor dispersion are usually 

short lived.

The two nearest primary National Weather Service 

stations to the Prudhoe Bay area are located at Barter Island, 
which is approximately 120 miles east of the area, and at Point 
Barrow, which is approximately 200 miles west-northwest of the 

area. These two weather stations collect standard meteorolog
ical parameters 24 hours a day. Within the Prudhoe Bay area, 
the Prudhoe Bay Airport weather station (latitude 70° 15' N, 
longitude 140° 20' W) collects maximum/minimum temperature data. 
The Deadhorse Airport weather station (latitude 70° 12' N, 
longitude 148° 27' W) collects wind data hourly, but temperature 

data only sporadically.
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Based on three years of data, temperatures average 
7.9=F annually at the Prudhoe Bay Airport weather station. The 
coldest month of the year is February with a monthly average of 
-26°F, and July is the warmest month with a mean temperature of 
45.5°F (Ruffner, 1977). In comparison, the 30-year mean annual 
temperatures at Point Barrow and Barter Island are 9.3 F and 
10.1°F, respectively. The coldest month is February (-18.6^F 

at Point Barrow and -19.5°F at Barter Island) and the warmest 
month is July (38.7°F at Point Barrow and 40.0°F at Barter Is
land) . The mean number of days with a maximum temperature of 

70’F or above is less than one every two years at both Point 
Barrow and Barter Island. Conversely, the mean number of days 

per year with minimum temperatures of 32°F or below is 323 days 
at Point Barrow and 312 days at Barter Island (National Oceanic 

and Atmospheric Administration, 1978).

Precipitation on the North Slope consists mostly of 
snow and is relatively light compared to most other parts of 

the United States. The normal annual precipitation am.ounts for 

Point Barrow and Barter Island are 4.89 inches and 7.05 inches, 
respectively. The average annual snowfall at Point Barrow is 

29.1 inches, while at Barter Island the annual average is a 

significantly greater, 47.6 inches. The month with the greatest 
average snowfall on the North Slope is October, with 7.2 inches 

at Point Barrow and 9.8 inches at Barter Island. June has the 

least snowfall with a 0.4-inch average at Point Barrow, while 

July has the least snowfall (0.4-inch average) at Barter Island 

(National Oceanic and Atmospheric Administration, 1978) .

Ice accretion on exposed surfaces as glaze or rime 

can be expected on 27 days during the year. This icing fre
quency is the greatest in the United States, except for some 

mountain tops in the Northeast (Amstead, 1978).
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Frequently, heavy fog develops as a result of high 

relative humidity and causes horizontal visibility to drop to 
one-quarter mile or less. Such low visibilities can be expected 

on 65 days annually at Point Barrow and on 75 days annually at 
Barter Island (National Oceanic and Atmospheric Administration 
1978). At temperatures below -20°F, fog occurs in the form of 
ice fog. Ice fog increases in frequency v?ith decreasing tem
perature and is almost always present at temperatures of -50°F 

and below (Huschke, 1959).

The annual wind rose (based on seven years of data) 

for Barter Island is presented in Figure 4-2. The annxoal wind 

rose is a frequency distribution of occurrences of each of the 

16 compass-point wind directions. The wind rose indicates a 

bimodal frequency distribution with prevailing easterly winds.
The second most frequent wind direction is west. Wind speeds 

average 11.5 miles per hour, with calms recorded 2.3 percent of 
the time (National Climatic Center, 1958-1964).

The annual wind rose (based on one year of data) for 

Deadhorse Airport is presented in Figure 4-3. This wind rose 

also indicates a bimodal frequency distribution. East- 
northeasterly, northeasterly, and west-southwesterly winds are 

most frequent, in that order. The different frequency distri
bution of wind direction at Deadhorse Airport compared to Barter 

Island may result from: (1) the short sampling period at the 

Deadhorse Airport versus the longer sampling period at Barter 
Island, (2) a large scale effect on the synoptic flow at Barter 

Island created by the Romanzof Mountains to the south; i.e., 

the moxintains may divert the synoptic flow in such a way as to 
partially account for the differences between the Barter Island 

and Deadhorse Airport wind roses, and/or (3) the coastal configu
ration at Prudhoe Bay compared to the coastal configuration at
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Figure 4-2. Annual Wind Rose for Barter Island, Alaska 
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Percent Frequency

4.5% CALMS
Average Speed 12.8 mph

Figure 4-3. Annual Wind Rose for Deadhorse
Airport, AlaskaOne-year data period: 1976

Source: Dames and Moore, Prevention of Significant Deterioration Permit
application submitted by Atlantic Richfield Company and Sohio 
Petroleum Company on behalf of the Prudhoe Bay Unit owners to the 
U.S. Environmental Protection Agency for construction of additional 
facilities at the Prudhoe Bay Oil Field, Prudhoe Bay, Alaska.
Aug. 1978.
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TABLE 4-1
ANNUAL FREQUENCY DISTRIBUTION OF PASQUILL STABILITY 
CLASSES AND WIND SPEED AT BARTER ISLAND (1958-1964)

Stability
Class Definition

Annual
Frequency
(percent)

Average 
Wind Speed 

(mph)

A Extremely Unstable 0.02 Calm
B Unstable 1.23 3.9
C Slightly Unstable 4.98 5.7
Di Neutral (day) 37.47 11.7
D2 Neutral (night) 39.94 14.4

E 5c F' Slightly to 
extremely stable 16.37 6.0

Source: National Climatic Center, Surface Meteorolo?2;ical Tape
for Barter Island, Alaska - - TDF 1440 DATA iFORMAT.
Period of Record 1958-1964, Asheville, NC.
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Barter Island. The mouth of Prudhoe Bay faces north and Dead- 

horse Airport is a few miles inland southwest of the bay. In 
contrast, the configuration of the coastline in the vicinity of 

Barter Island is east to west with no bay. The data for Dead- 

horse Airport indicate an average wind speed of 12.8 miles per 

hour, with calm conditions 4.5 percent of the time (Dames and 

Moore, 1978).

The annual frequency distribution of the six stability 

classes for Barter Island are presented in Table 4-1. Mean wind 

speeds associated with each stability class are also given.
This table indicates that neutral stability class conditions 

occur about 77 percent of the time at Barter Island. Accord
ing to Pasquill's standard method for.determining stability 

classes, neutral conditions generally result from moderate to 

strong winds and cloudy conditions (National Climatic Center, 
1958-1964). Seasonal and annual joint frequency distributions 
for wind speed, wind direction, and stability class, calculated 

from the Barter Island data, are presented in Appendix E, 
(National Climatic Center, 1958-1964).
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4.3 Existing Air Quality

Determination of the impact of emissions from all 
sources (including the nex>7 facilities) in the Prudhoe Bay Unit 
on the National Ambient Air Quality Standards (NAAQS) requires 

a determination of the existing air quality of the area. This 

determination also illustrates the current status of compliance 

with the National Ambient Air Quality Standards.

Backgromd levels, estimated from current air quality 

monitoring data can be added to concentrations predicted for 

all the sources to predict total air quality impacts. For the 

purposes of this document, the term "background" refers to the 

contributions to total air quality from all anthropogenic and 

natural sources outside of or upwind from the Prudhoe Bay area.

For the purposes of the PSD study, air quality data 

collected at two monitoring sites in the Prudhoe Bay Unit were 

used to characterize existing and background air quality levels. 

Beginning on March 16, 1979 the Unit Operators began a one-year 

air quality and meteorological monitoring program. The network 

consists of two remote sites designed to collect both air quality 

and meteorological parameters and a 200-foot communications tower 

instrumented with meteorological sensors. The remote monitors 

are located at Drill Site 9 and at Well Pad A and the instru
mented tower is located at the SOHIO Base Operating Camp (Fig
ure 4-4) .

The following air quality and meteorological param
eters are collected at each remote site:

1. Oxides of Nitrogen (NO^)
2. Nitric Oxide (NO)
3. Nitrogen Dioxide (NO2)
4. Sulfur Dioxide (SO2)
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5. Ozone (O3)
6. Carbon Monoxide (CO)
7. Total Hydrocarbons (THC)
8. Methane (CH4)
9. Non-Methane Hydrocarbons (THC-CH4)

10. Wind Speed (33 feet)
11. Wind Direction (33 feet)
12. Temperature (33 feet)
13. Total Suspended Particulates (TSP)

In addition, precipitation and visibility are measured 

at Drill Site 9 (Site 2 in Figure 4-4), the upwind site, and 

temperature layering heights and wind profiles are measured at 
Well Pad A (Site 1 in Figure 4-4), the downwind site, using 

an ECHOSONDE® acoustic sounder system.

The following meteorological parameters are monitored 

at the 60 meter communications tower site:

33-foot level 
33 - 200-foot level 
146-foot level 
146-foot level 
200-foot level 
200-foot level 
200-foot level

Temperature
A Temperature
Wind Speed
Wind Direction
Wind Speed
Wind Direction
Wind Direction Bivane

1) Horizontal
2) Vertical

To support the monitoring activities a monitoring plan 

entitled Ambient Air Quality and Meteorological Monitoring Plan 
For Prudhoe Bay, Alaska was submitted to EPA Region X and the 

Alaska DEC in late 1978.
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This dociiment demonstrates that all siting, operating, quality 

assurance, and data validation procedures employed in the net
work operation correspond to guidelines established by the 

Environmental Protection Agency.

A quarterly report presenting hourly-averages of air 

quality and meteorological parameters and sunmary reports of the 

data is being submitted separate of this application. This re
port covers the period from March 16 until June 30, 1979.

Table 4-2 reports maximum and mean levels of NO2, TSP, 
SO2, CO, non-methane hydrocarbons (NMHC) and ozone (O3) measured 

during the approximately 3% month monitoring period. Examination 

of this table shows that measured levels for all pollutants are 

well below those concentrations allowed by the National Ambient 
Air Quality Standards. The results of this monitoring program 

as presented in this table support the current designation of 
the Prudhoe Bay area as in attainment of the NAAQS for criteria 

pollutants.

Levels of pollutants measured during the 3% month 

monitoring program at the two sites in the Prudhoe Bay area 

should be representative of existing air quality levels in the 

region. Measured levels of NO2, TSP, SOj, CO, and HC are low 

at these sites, and seasonal variations in the levels of these 

pollutants are not expected to be significant, even if somewhat 
higher values are recorded during later stages of the monitoring 

program. It is not likely that such higher concentrations would 

anywhere approach the levels specified in the National Ambient 
Air Quality Standards. In addition, modeling results presented 

presented in Section 8.0 of this report show that the predicted 

levels of NO,, TSP, SO^ and CO resulting from sources in the 
Prudhoe Bay area would not approach the concentrations allowed 

by the NAAQS even if the highest pollutant levels measured
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Pollutant:
^2

Arith. Mean*

TSP
Geo. Mean* 
24 Hr. Max^

SO2
Arith. Mean* 

+24 Hr. Max
3 Hr. Max

8 Hr. Max 
1 Hr. Max'*

1 Hr. Max

NMHC

-H-

TABLE 4-2
M.AXIMUM MEASURED POLLHl’ANT LEVELS (uK/m^) 

IN TilE PRUDHOE BAY AREA*

Monitor Location
DiTiT 

Site 9

1.6

6.7
40.0

0.2
4.5

11.0

1023
3340

113.0

3 Hr. Max**(6-9 am) 210.0

Pad A

2.5

14.3
88.0

0.4
9.3

18.0

1106
1390

113.0

106.0

National Ambient Air 
Quality Standards 

Primary 3e con dary

100 (Annual)

75 (Annual) 
260

80 (Annual) 
265

100 (Annual)

60 (.Annual) 
150

10,000
40,000

240

1300

10,000
40,000

240

* Period of Record (3/16/79 - 6/31/79)
Not to be exceeded more than once per year
Ozone standard is attained if the expected number of days per calendar year v;ith 
maximum hourly average concentrations is <oi;e.

**Guldeline



during the 3% month monitoring program were added to these 

modeling results.

The ozone levels measured thus far during the on-site 

monitoring study should be representative of existing ozone 

levels in the region, and also should include monitoring periods 

during which maximum ozone levels are expected to occur along 
the North Slope. Ozone monitoring data collected by the National 
Oceanic and Atmospheric Administration (NOAA) at Point Barrow, 
Alaska for the period March 1973 through December 1978 show 
that maximum ozone concentrations usually occur during the months 

of February, March, and April with secondary maxima during the 

months of October and November (Oltman, 1979).

The springtime maximum occurrence noted by the re
searchers at Point Barrow, Alaska corresponds to the time of 
maximum measured ozone concentrations observed during the on
site monitoring program at Prudhoe Bay. During the month of 

April, Prudhoe Bay monitor sites 1 and 2 both recorded maximum 
ozone levels of 113 yg/m^. This level compares closely to the 

maximum concentration measured by NOAA during the five year 
monitoring program at Point Barrow of about 100 yg/m^. Also 

the average concentrations recorded in the Prudhoe Bay monitor
ing network, ranging from about 40 to 60 yg/m’, correspond 

closely to the average concentrations measured at Point Barrow.

Mr. Sam Oltman of the Office of Geophysical Monitor
ing of Climatic Change at NOAA stated that based on the Point 
Barrow monitoring no clear causes for variations in ozone levels 

along the North Slope could be identified. He was unable to 

correlate the variations with the phenomenon of stratospheric 

injection or with seasonal variations in incoming solar radia
tion (Oltman, 1979).

4-15



Background pollutant levels for use in determining 

total air quality impacts on NAAQS were estimated from the data 

collected during the Prudhoe Bay monitoring program. In order to 

eliminate the influence of existing Prudhoe Bay area sources on 

the monitors, only those periods during which the monitors were 

upwind of all Prudhoe Bay sources were selected for use in the 

background estimation. For each pollutant, the mean of all con
centrations measured during the selected periods was chosen as 

the background applicable for all averaging times. It was 

assumed that measurements occurring during periods of east- 

northeast winds at Drill Site 9 and west-southwest winds at Well 
Pad A would be representative of background conditions in the 

Prudhoe Bay area.

Based on these assumptions and methods, background con
centrations were estimated for the two monitor sites and are 

shown in Table 4-3.
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TABLE 4-3
ESTIMATED BACKGROUND LEVELS FOR DIFFERENT POLLUTANTS 

AND PREDOMINANT WIND DIRECTIONS (pR/m")

Background Concentration
Wind Direction NO, TSP SO, CO O3 NM|C

Eas t-Northeasterly* 1 6 0 70 47 40

Wes t-Southwes terly** 0 9 0 180 56 <10

Background Level for 
Determining Total Impacts 1*** 9 Q**-* 180 56 40

* Estimated from measurements taken at Well Pad A for the period 3/16/79 - 6/31/79
** Estimated from measurements taken at Drill Site 9 for the period 3/16/79 - 6/31/79 

*** Below detectability limit of instrument.
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5.0 BEST AVAILABLE CONTROL TECHNOLOGY (BACT)

The Clean Air Act requires that all new major emitting 

facilities be subject to the Best Available Control Technology 

(BACT) for each regulated pollutant. A major emitting facility 

or source is defined as any one of 28 category sources specified 

by EPA, whose uncontrolled emissions are greater than 100 tons 

per year and any other source with uncontrolled emissions greater 

than 250 tons per year. The projects described in this applica
tion do not fall on the 28 category source list. An applicant 

must demonstrate that BACT will be applied (Federal Register,
June 19, 1978, p. 26385) to all sources of pollutants at major 

facilities for all pollutants of which a new facility('s) increases 

in allowable emissions will exceed 100 pounds per hour, 1000 

pounds per day, or 50 tons per year.

Table 5-1 shows that in combination the proposed 

facilities will have the potential to yield a total of more than 

250 tons per year of nitrogen oxides (NO^), particulates, hydro
carbons (HC), and carbon monoxide (CO). Therefore, the proposed 

facilities will constitute a major stationary source of those 

pollutants. Furthermore, Table 5-1 shows that the facilities 

will have controlled emissions exceeding 50 tons per year of 

these same pollutants. Potential emissions for SO2 will be 

less than 250 tons per year.

In a manner consistent with national and EPA Region X 

guidelines an analysis has been performed to determine the BACT 

for the proposed facilities. The conclusions are presented in 

Section 5.1 and the analyses are presented in Section 5.2.
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TABLE 5-1
TOTAL POTENTIAL AND ALLOWABLl' EMISSIONS

FOR NEW SOURCES (TONS/YEAR)

MO^ NMIIC’ CO Part^ SO?’’

Potential 22,645 744 4099 586 18.5

Allowable NA^ NA^ NA’' 2895 35,527

Ui

ho

’Assuming all hydrocarbons are non-methane.
^In reality, allowable or controlled emissions of SO? and particulates 
should not exceed potential levels.

^Not Applicable: The Alaska SIP does not specify allowable emission
rates for these pollutants. Allowable and potential emissions of 
these pollutants from gas heaters are the same.



5.1 Proposed Control Systems Representing BACT

The three primary types of sources of pollutant emis
sions at the proposed facilities will be combustion-turbines, 
process heaters, and fuel-storage tanks. Of the four pollutants 

for which BACT was determined, hydrocarbons are the only emis
sions potentially contributed by the storage tanks.

Nitrogen oxide (NO^) emissions from the turbines and 

heaters will be kept at a minimum by burning a low organic- 

nitrogen bearing fuel, natural gas. The combustion chambers of 

the turbines will be designed to prohibit thermal-produced NO^ 

emissions from exceeding a concentration of 150 ppm,.in the flue 

gas, as required by the draft New Source Performance Standards to 

be proposed in the near future.

Particulate emissions from the turbines and heaters 

will also be minimized by burning natural gas.

Hydrocarbon em.issions will not be controlled, but the 

cold arctic temperatures will tend to inhibit the emission of 

hydrocarbon vapors from the fuel-storage tanks, because vapor 

pressures within the tanks will be lower.

Carbon monoxide emissions will not be controlled.
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5.2 Alternative Systems Capable of Achieving; Lov/er Emission
Rates and Reasons for Their Rejection

5.2.1 For Combust ion-Turbines

The most promising systems from the standpoint of 
minimizing NO^ emissions from combustion-turbines while main
taining a high fuel-to-power efficiency are the so-called 

controls being incorporated into turbine combustion chambers.
One turbine-unit is presently being marketed which the manurac- 

turer claims will meet a limit of 75 ppm with its dry control 
(Hansen, August 15, 1979). However, this unit is of the size 

commonly used by electric utilities (70 Mw) and therefore is not 
suitable as a compressor drive unit like those proposed for the 

new facilities. The largest proposed for use at Prudhoe Bay 

are rated at about 50 Mw.

Delivery of the larger turbine to customers will not 
begin mtil 1980 which means the production model is not commer
cially proven. Also, because of the remote location and hostile 
environment, Prudhoe Bay is not a viable place for any type of 
machinery which is neither designed specifically for such an 

environment, nor proven to be commercially reliable under such 

conditions.

The next best system for turbines from a NO^ emissions 

limitation standpoint is the injection of water or steam (EPA, 
September 1977, pp. 4-96). However, this control method is 

highly impractical on the North Slope from the standpoint of 

environmental impact, economic impacts, energy impacts, and 

engineering feasibility. The associated problems stem chiefly 

from the scarcity of fresh water, the extreme cold, and the 

fragility of the tundra. Because of these problems, extensive
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documentation has been compiled to support using no NO^ controls 

for Prudhoe Bay combustion turbines. This documentation is sum
marized in correspondence dated August 15, 1978, from W. P. Metz, 
Senior Environmental Engineer, Atlantic-Richfield Company,
Alaska Region, to Mr. Paul Boys, U.S. Environmental Protection 

Agency, Region X. Other types of NO^ controls such as two-stage 

combustion are available, but serve primarily to reduce the pro
duction of organic NO^, which is not a significant occurrence in 

natural gas combustion (EPA, September 1977, pp. 4-97).

Therefore, for this application the best available way 

to minimize NO^ emissions is to bum a fuel which contains very 

little organic nitrogen (EPA, September 1977, pp. 4-97). The 

Unit operators propose to use natural gas from the Prudhoe Bay 

fields as such a fuel. The gaseous nitrogen (Na) content of 
natural gas from the Prudhoe Bay fields is typically 0.7 percent 
by volume. Though this gaseous nitrogen will partially be con
verted to thermal NO^ , the contribution to total thermal NO^ 

production will be very small when compared to the contribution 

of the intake air which will be 78 percent gaseous nitrogen.
It is nitrogen that is bound in organic compounds in the fuel 
that most readily reacts to form NO^. NO^ produced in this 

manner are known as organic NO^. According to EPA's Combustion 

Research Branch, the firing of natural gas in turbines is likely 

to produce less than half as much NO^ emissions as the firing 

of Alaskan No. 6 fuel oil, because there will be no organic NO^ 

(Lanier, Febrtiary and August 1979).

By firing with natural gas, the concentration of NO^ 

in the turbine exhaust gases will meet the drafted New Source 

Performance Standards (Bell, August 1979) for combustion-turbines 

in rural petroleum production and transportation facilities.
EPA's Office of Air Quality Planning and Standards estimates
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promulgation by Fall, 1979 of the present draft version of 
these standards which require that the flue-gas concentration 
of not exceed 150 ppm at 15 percent excess air (Bell,
August 1979).

A low NO^ emissions rate is not the only reason for 

choosing natural gas firing as representing BACT. If this anal
ysis were to include firing with oil, it would show that oil 
firing would not only result in higher NO^ emissions, but also 

higher SO2 and particulate emissions and would be less econom
ical .

There are no superior demonstrated alternatives to 

gas-firing for reducing particulate emissions from combustion- 

turbines. Gas-firing represents the best available particulate 

emission control technology.

Hydrocarbon (HC) and carbon monoxide (CO) emissions 

from turbines can be decreased by increasing the flame tempera
ture and the combustion cham.ber residence time, but this 

increases NO^ em.issions (EPA, September 1977, pp. 3-104). 
Because of the relatively large quantities of NO^ produced 

compared to those of HC and CO, such as a trade-off would 

not be justifiable. Therefore, "no control" represents BACT 

for CO and HC.
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5.2.2 For Process Heaters

As mentioned in section 5.1, BACT for the process 

heaters has been determined to be the use of natural gas (an 

intrinsically low-polluting fuel) along with normal good combus
tion practice and no air preheat. Use of natural gas will re
duce the emissions of particulates and oxides of sulfur (SO^) 

substantially, and will reduce oxides of nitrogen (NO^) some
what.

No alternative controls are available to reduce 

particulates, CO, HC, or SO^ below the levels achieved by firing 

natural gas. There are several systems which can theoretically 

be used to further reduce NO^ emissions, but it can be shown 

that each of these is unsuitable for the proposed facility 

(Evans, January 1978; Siddiqi, October 1976, pp. 9J-97) .

Minimizing the excess air used in the combustion pro
cess can reduce the formation of NOx. A continuous oxygen 

monitor in the stack and control of combustion air flow rate is 

required to maintain a low excess air level without endangering 

the flame stability or increasing HC and CO emissions. This 

type of control, however, has not been proven to be reliable in 

the severe arctic environment. It would also require regular 

maintenance and calibration, to operate effectively, and would 

increase the demand for skilled technicians. Since many of the 

process heaters are in remote locations and can receive only 

intermittent attention from operating and maintenance personnel, 
the reliability of the use of excess air as a control measure is 

questionable. Although low excess air firing has been demon
strated effective in other situations, it does slightly increase 

the possibility of a flame-out. The potential results of a 

flame-out (explosion and/or fire) outweigh the benefits of the 

slight NO^ reduction.
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Off-Stoichiometric combustion techniques (such as 

staged combustion and overfire air) can also be effective a.L. 
reducing NO^ emissions from fired heaters. In these processes, 
the primary combustion zone is fuel rich (with only 80 to 90 

percent of the stoichiometric air being supplied) with combus
tion being completed in a fuel lean zone at lower temperatures. 
This technique increases the initial cost of the heater, some
times results in lower heater efficiency, and has a slight ad
verse effect on flame stability. The maintenance of flame sta
bility at the remote unattended heaters could be difficult.

Low NO^ burners in the heaters are a potential control 
measure. They reduce NO^ formation by better fuel atomization, 
fuel/air m.ixing, lower peak flame temperatures, an oxygen defi
cient primary combustion zone, and flue gas recirculation by 

eddies and swirling action. These burners cost more than ordi
nary burners and have seen application primarily in otl firing 

service. In addition, they often require instrumentation to 
monitor and control the excess air in order to operate effec
tively, and maintenance of these controls at remote sites re
quires skilled technicians and regular visits.

Flue gas recirculation has been shown effective in 

reducing NO^ emissions from utility sized boilers but has not 
been demonstrated for small process heaters. This system uses 

a large fan to circulate exhaust gases back to the primary com
bustion zone, thus lowering the peak flame temperatures by 

dilution. This system is expensive in terms of initial invest
ment and upkeep. The fan imposes a parasitic power demand on 

the heater, and in several cases, it has resulted in vibrational 
problems which significantly increased maintenance.

Several more sophisticated processes are available to 

treat heater flue gases to remove NO or to convert it to NO2.
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These processes, developed for large utility boilers in Japan, 
would be far too expensive for use on small process heaters even 

if the technology were readily available. Among these processes 
are flue gas scrubbing, selective catalytic reduction with 

ammonia, and thermal reduction with ammonia. However, use of 

such processes results in additional solid waste and waste water 

handling and treatment problems.

In conclusion, firing natural gas with good combustion 

practice and no air preheat should be considered BACT for heaters. 
There is a plentiful supply of natural gas which is currently 

being reinjected into the ground. It's choice as an energy 
source for combustion is attractive both from an economic and 

an environmental standpoint. Other emissions controls remove, 
at most, only 30 to 40 percent of the NO^ and may remove as low 

as 10 to 20 percent due to the size of the heaters. The proposed 

emission reduction with the application of these controls from 

these units would not exceed 1.0 percent of the total emissions 
including existing and proposed sources (with recommended BACT) 
from the entire Prudhoe Bay Unit and the Deadhorse area. In 

addition, the harsh environment of the area causes problems 

related to maintenance and reliability of heater controls. 

Therefore, alternative approaches to BACT are not as attractive.
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5.3 For Fuel Storage Tanks

Hydrocarbon emissions from the three fuel oil storage 

tanks can effectively be reduced to a negligible quantity by the 

use of vapor recovery. This type of control is expensive, rela
tive to the benefit, and the proposed NSPS for Petroleum Liquid 

storage Vessels (43 Federal Register 21616, May 18, 1978) requires 

vapor recovery only on tanks containing a petroleum liquid with 

a vapor pressure greater than 11.1 psia. The fuel oil to be 

stored will have a vapor pressure of only about 0.0041 psia at 

40°F. As can be seen in the emissions inventory presented in 

Section 6.0, the emissions from the fuel oil storage tanks will 
be negligible without vapor recovery.

The three ullage tanks will handle only crude-oil, and 

are intended to be used only in an emergency. It is assumed that 

the ullage tanks will always be empty and, therefore, no mechani
cal controls will be applied.
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6.0

6.1

NEW SOURCE EMISSIONS

Methodology for Combustion Turbines

The method used to calculate potential emissions for 

gas turbines is based on the fuel gas composition or AP-42 emis
sion factors. A typical fuel gas composition is presented in 

Appendix B.

\
Potential emissions of nitrogen oxides are based on 

proposed New Source Performance Standards for Stationary Gas 

Turbines (NSPS) (Federal Register, Vol. 42, No. 191, October 

1977, p. 53782). Combustion calculations were performed on the 

fuel gas analysis (see Appendix B) with the result that 1 mole 

of fuel yields 31.90 moles of flue gas at 15 percent excess O2 

on a dry basis at 25°C. Operating parameters for gas turbines 

were obtained from manufacturers' data; fuel comsumption rates 

were determined from these parameters. NO^ (as NO2) emissions 

were then calculated at 150 ppmv of flue gas as specified in 

NSPS. The equations used in performing calculations are shown 

in Appendix B.

Potential emissions of hydrocarbons (HC), carbon mon
oxide (CO), and sulfur dioxide (SO2) are based on AP-42 emission 

factors for gas turbine compressor engines. Table 3.3.2-1 (EPA, 
AP-42, August 1977, p. 149). HC emissions are given as total 
hydrocarbons. The emission calculations are presented in Appen
dix B.

Emission factors for particulates from gas turbines 

are listed as not available in Table 3.3.2-1 of AP-42. Conse
quently, the factor from Table 3.3.1-2, composite emission fac
tors for electric utility gas turbines was used (EPA, AP-42, 
August 1977, p. 146).
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Allowable emissions for particulates from gas-fired 

turbines are based on the Alaska SIP, Section 50.050 (Environ
mental Conservation, Register 42, July 1972, p. 18-5). It states 

that particulate emissions may not exceed 0.05 grains per cubic 
foot of exhaust corrected to standard conditions of 70°F on a dry 

basis. Allowable emissions of SO2 for gas turbines are based on 

the proposed NSPS (Federal Register, Vol. 42, October 1977, 
p. 53782). The proposed limit is 150 ppmv SO2 in the flue gas 

at 15 percent excess O2 on a dry basis at 25°C. This is the 

same as the proposed limit for NO^. The annual allowable emis
sions for NO^ and SO2, as presented in Table 6-1, differ because 

the molecular weights of the two pollutants are different. See 

Appendix B for the emissions calculations.

The Alaska SIP does not give flue gas concentrations 

from which to determine allowable emission rates for NO^, HC, 
and CO. Therefore, allowable emission rates for these pollu
tants are not presented in Table 6-1.

6.2 Methodology for Gas-Fired Heaters

The potential emissions of all pollutants from gas- 

fired heaters are based on AP-42 emission factors for natural 
gas combustion sources. Table 1.4-1 (EPA, AP-42, August 1977, 
p. 39). The emissions calculations are presented in Appendix B,

The allowable emissions of particulates and SO2 from 

gas-fired heaters are based on the Alaska SIP, Section 50.050 
(Environmental Conservation, July 1972, p. 18-5). The allow
able rate for particulates is 0.05 grains per cubic foot of ex
haust corrected to standard conditions. The allowable rate for 

SO2 is 500 ppm per cubic foot of exhaust corrected to standard
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TABLE 6-1
POTENTIAL AND ALLOWABLE EMISSIONS FROM PROPOSED SOURCES

Potential Emissions, Tons/Year

Source
N0^‘ HC^ co' Part.’ NO/ HC’ co’ Part.’ SOz’

Gas Turbines

1,400 hp. 36.2 1.2 6.8 1.1 0.02 5.2 50.9
3,500 hp. 90.4 3.1 16.9 2 . 2 0.06 - - - 10.0 127.2
5,000 hp. 129.3 4.4 24.1 3.1 0.07 - - - 14.4 181.3

22,600 hp. 584.0 19.8 108.9 14.4 0.40 - - - 66.1 821.5
25,000 hp. 646.0 21.9 120.5 15.9 0.44 - - - 73.2 908.8
26,600 hp. 687.3 23.3 128.2 17.2 0.47 - - - 79.0 966.9
36,000 hp. 930.2 31.5 173.5 21 .2 0.63 - - 97.4 1308.6

Gas Heaters
NO/ lie' CO' Part.' SO2' NO/ HC’ CO® Part.’ SO2®

5 million Btu/hr. 4.1 0.07 0.4 0.24 0.01 _ _ _ 1.5 17.8
10 million Btu/hr. 8.3 0.14 0.8 0.48 0.03 - - - 3.1 35.7
26 million Btu/hr. 21.9 0.4 2.1 1.2 0.7 - - - 8.0 92.8
42.5 million Btu/hr. 35.2 0.60 3.4 2.0 0.12 - - - 13.1 151.6

100 million Btu/hr. 82.7 1.4 8.0 4.7 0.28 - - - 30.8 356.8
310.5 million Btu/hr. 256.9 4.4 25.0 14.7 0.88 - - - 95.5 1107.9

Fuel Oil StoraRe Tank’ 0.34 (fuel oil)

Allowable Emissions, Tons/Year

‘Based on 150 ppmv NO2 in flue gas at; 15 percent excess O2, dry basis.
^Based on AP-42 emission factors for gas turbine compressor engines, table 3.3.2-1.
’Based on AP-42 emission factors for electric utility gas-fired turbines, table 3.3.1-2. 
‘'Based on 150 ppmv SO2 in flue gas at 15 percent excess O2 , dry basis.
’The Alaska State Implementation Plan (SIP) does not specify allowable emission rates 
for these pollutants. Hence no allowable emissions are shown.
’Based on 0.05 grains particulate per cubic foot of exhaust from the Alaska SIP.
■'Based on AP-42 emission factors for natural ga.s combustion devices, table 1.4-1.
’Based on 500 ppm SO2 per cubic foot of exhaust from the Alaska SIP.
’Based on AP-42 calculations, section 4.3.2.1.



conditions. The emissions calculations are presented in Appen
dix B and the potential and allowable emissions for heaters are 

presented in Table 6-1.

6.3 Methodology for Storage Tanks

The potential emissions from the three fixed-roof fuel 
oil storage tanks are based on AP-42 emission calculations found 

in Section 4.3.2.1 (EPA, AP-42, August 1977, p. 163) for breath
ing losses and working losses. The tanks will each hold 42,000 

gallons of fuel oil. The emissions calculations are based on 

the following assumptions:

(1) The fuel oil has the same physical prop
erties as those given for jet kerosene in 

Table 4.3-1 (EPA, AP-42, August 1977, p.
164) .

(2) A typical tank has a cone roof with a dia
meter of 25 feet and straight sides of 15 

feet, assuming that a smaller diameter 

tank (taller) would reduce emissions based 

on AP-42 Section 4.3.2.1 equations.

(3) The average fuel oil temperature is main
tained at 40°F.

(4) The tanks are filled once each year and 
are emptied once a year (42,000 gal/yr).
Since the fuel oil is for emergency use 

only this should be a conservative assump
tion.
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The emissions calculations for storage tanks are 

given in Appendix B. The annual emissions are given in Tables 

6-1 and 6-2. Applicable rates for allowable emissions from fuel 
oil storage tanks are not addressed in the Alaska SIP.
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TABLE 6-2
TOTAL POTENTIAL AND ALLOWABLE EMISSIONS

FOR NEW SOURCES (TONS/YEAR)

MO^ NMHC' CO Part^ S02^

Potential 22,645 744 4099 586 18.5

Allowable NA^ NA^ NA^ 2895 35,527

'Assuming all hydrocarbons are non-methane.
In reality, allowable or controlled emissions of SO2 and particulates 
should not exceed potential levels.

^Not Applicable: The Alaska SIP does not specify allowable emission
rates for these pollutants for combustion turbines. Allowable and 
potential emissions of these pollutants from gas heaters are the same.
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7.0 TOTAL EMISSIONS INVENTORY

To calculate the net impact of the proposed sources on 

the Prudhoe Bay air quality, stack parameters, and emission rates 

were obtained for all other sources in the Prudhoe Bay area.
These include the new proposed sources of this application, exist
ing sources in the area which requires no PSD permits, and exist
ing sources in the area which have previously received PSD per
mits. With a few exceptions, the emissions rates and stack 

parameters of existing sources and previously permitted sources 

listed in this application appear exactly as presented in the 

PSD application presented by the Unit Operators to EPA Region X 

in 1978. The exceptions are 1) a correction was made in the 

reporting of the heights of ARGO heater stacks (sources included 

in the 1978 PSD permit application submitted by the Unit Opera
tors, 2) several small existing heaters located at the gathering 

centers and at the power station were inadvertently not included 

in last years PSD but have been included in this application,
3) the turbines permitted in May 1979 for the Central Power Sta
tion were modeled as two 50 Mw units (it is presently planned to 

purchase four 25 Mw units instead and the total 100 Mw were 

modeled as four 25 Mw units in this application), and 4) stack 

parameter information has been updated for the North Slope Borough 

(previously permitted under the name NANA) waste incinerator (an 

existing non-increment consuming source). For the 1978 PSD 

application, the original inventory was compiled from the permit 
files of the Alaska Department of Environmental Conservation (DEC) 
and through discussion with that agency.

The locations of emissions sources in the Prudhoe Bay 

area are presented in Figure 7-1. A complete inventory of 

emissions and stack parameters for all sources in the area is 

presented in Appendix C.
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8.0

8.1

AIR QUALITY IMPACTS

Methodology

Introduction

All criteria pollutants emitted by the proposed facil
ity in controlled amounts greater than 50 tons per year were 

modeled for the averaging periods for which NAAQS exist. These 

are NO^, particulates, CO, and NMHC. The NAAQS which regulate 

these pollutants have been promulgated for annual, annual and 

24-hour, 8-hour and 1-hour, and 3-hour (6 to 9 a.m.) averaging 

periods respectively. In the modeling analyses all NO,^ is 

assumed to be NO2, although in reality a much lower percentage ■ 
of NO^ would be emitted as or converted to NO2. Therefore, the 

assumption made here is conservative.

The incremental increases in atmospheric pollutant 

levels specified in the regulations for Prevention of Signifi
cant Deterioration (PSD) are defined for particulates and SO2 . How
ever, the total potential emissions of SO2 from the new sources are 

much less than 250 tons per year. Therefore, EPA regulations 

do not require that emissions of SO2 from the proposed new 

facilities at Prudhoe Bay be examined under the PSD regulations.

Modeling Procedures

The PTMAX model was employed as an initial screening 

tool to determine if detailed modeling was warranted. This 

model is discussed in Appendix D.

The Texas Climatological Model (TCM) was selected for 
modeling all annual impacts. Meteorological inputs to this 
model consisted of a joint distribution of stability, wind speed,
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and wind direction for. Barter Island for the period 1958 through 
1964 (Appendix E). Rectangular receptor grids with 2.0 km 

and 0.25 km spacings were used. The 2.0 km spacing grid was em
ployed to identify areas of maximiom impacts, which were then in 

turn scrutinized with the 0.25 km grid.

The CRSTER and RAM models which are described in 

Appendix D were used to perform the detailed short-term modeling. 
CRSTER was used to determine the worst-case meteorological con
ditions and also to assess the magnitude of the impacts to be 

expected. One year (1964) of surface meteorological data and 

twice daily mixing depth data from Barter Island were selected 

as input to CRSTER. The worst-case meteorological conditions as 

determined by CRSTER were used as input data for the RAM model 
which was employed to assess the final 24-hour particulate, and 

3-hour (6 to 9 a.m.) NMHC impacts. RAM uses a honeycomb recep
tor grid. Again a grid with a 1.0 km spacing between adjacent 
receptors was employed to locate maximum impact areas, which in 

turn were examined in more detail with a grid having a 0.25 km 

spacing.

Sources

The sources modeled consist of existing sources. 
sources previously permitted, and the new sources of the proposed 

facilities. Their emissions and sources parameters are listed 

in Appendix C. The sources of the proposed facilities are not 
in the 28 category sources specified in the PSD regulations, 

hence they are subject to PSD review only if the mcontrolled 

annual emission rates for any of the regulated pollutant is 

greater than 250 tons per year. A detailed air quality impact 
analysis is required only if the controlled emissions exceed 

50 tons per year.
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3.2 [nitial Screenins

The total allowable emissions of CO, NMHC, NO^, SO2, 
particulates (Section 6.0) for all new sources in the Prudhoe 

Bay were exniained to determine the need to perform air quality 

impact analyses. Since the controlled emissions of SO2 from 

the new sources will not exceed 50 tons per year, air quality 

impact analyses would not be required based on EPA regulations 

(Federal Register, June 19, 1978).

Total carbon monoxide emissions from the new sources 

are very low when considered in light of the relatively high CO 

concentrations allowed by the primary and secondary standards. 
Therefore CO emissions were submitted to some simplified dis
persion model screening analyses to establish the need to do 

more detailed air quality impact modeling.

EPA's guidelines (Federal Register, June 19,. 1978) 

recommend that screening techniques be used to "single out, with 

minimum effort, those sources that clearly w’ill not cause or 
contribute to ambient concentrations in excess of the National 
Ambient Air Quality Standards or allowable concentration incre
ments" in order to avoid "unwarranted expenditure of resources". 
The UNAMAP computer model PTMAX can be used to conservatively 

determine short-term concentrations for all types of plume 

dispersion, except f-umigation and downwash. This screening 

model was applied to carbon monoxide (CO) emissions.

The approach described below for predicting CO levels 

is extremely conservative and very unrealistic. However, the 

analysis is simplistic and, as a screening tool, useful in 

identifying if CO concentrations are of concern.
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The CO emissions were totaled for all of the existing 
and proposed sources at Prudhoe Bay as shown in Appendix C. All 
rhe CO emissions were then modeled vs’ith PTMAX as ir emanating 
from, a single source. In steady-state Gaussian plume modeling, 
maximum ground-level concentrations predicted will always be 

higher if all emissions are modeled as if from one source than 

if m.ultiple, simiilar source interaction is modeled. The sources 

at Prudhoe are in fact not all similar, though most of the CO 

emissions come from the turbines. To be conservative, all the 

emissions were assumed to be released from a 310 mm Btu process 

heater equivalent to the summation of process heaters planned 
for the SOHIO gathering centers. The plume rise from heaters 

is not as great as that from the turbines, and so predicted 

ground-level concentrations are greater for similar emission 

rates. Smaller heater stack parameters were not used because 

the smaller heaters produce a small percentage of the total 
CO emissions.

PTMAX predicted a maximum 1-hour CO level of 723 yg/m^ 

during conditions of D stability and a 15 meters per second wind 

speed. Since this concentration falls well below the 1-hour CO 
standard of 40,000 yg/m^ and the 8-hour standard of 10,000 yg/m^ 

it is apparent that further air quality impact analyses are not 
warranted.
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8.3 Determination of Area of Significant Impact

The area of significant impact is used to identify 

which source, in addition to the proposed new sources, must be 

included in the air quality impact analyses.

In the regulations implementing the PSD requirements 

of the Clean Air Act, the Administrator (Federal Register 43,
No. 118, p. 26398) indicated that the EPA (because of model 
inaccuracies) did not intend to analyze impacts of a proposed 

facility beyond 50 km. Also, no analysis will be required for 

distances beyond which concentrations due to the proposed facil
ity fall below certain "significant" levels. The area beyond 

V7hich concentrations are predicted to fall below these signifi
cance levels is termed the significant impact area. Significance 

levels are defined in the regulation and presented in Table 8-1.

EPA requires than the significant impact area must be 

determined by the radius method, which consists of the following 

procedure: a model such as CRSTER is used to derive the isopleth
of the significance level for a given pollutant and averaging 

time. The maximum distance this isopleth extends from the source 

is taken as the radius of a circle centered at the source. The 

area of this circle is the impact area. Figure 8-1 illustrates 

the procedure. It should be noted that the im.pact area so defined 

will always be greater than the significance isopleth.

The annual 1 yg/m^ NO2 isopleth for the proposed sources 

encompasses all existing and other permitted sources in the Prud- 

hoe Bay area. Hence they all must be included in the annual 
impact analyses for NO2.
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TABLE 8-1
SIGNIFICANCE LEVELS FOR PSD ANALYSIS

Pollutant
Averaging Time

Annual 24-Hour 8-Hour 3-Hour 1-Hour

TSP 1 yg/m^ 5 yg/m^ N/A N/A N/A

SO2 1 yg/m^ 5 yg/m^ N/A 25 yg/m^ N/A

NO2 1 yg/m^ N/A N/A N/A N/A

CO N/A N/A 0.5 yg/m^ N/A 2 yg/m^

N/A = Not Applicable
Source: Federal Register 43, No. 118, p. 26398.
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Since a complete emissions inventory of all existing 

and permitted sources in the Prudhoe Bay area has been prepared, 
all sources were modeled for all long- and short-term impacts 

and ambient air quality standards for NO2, particulates, and 

NMHC.

This approach has several advantages. First, it is 

the most conservative and most inclusive. It also eliminates 

the problem of trying to define a center of the area of influ
ence for a group of proposed sources widely dispersed.
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8.4 Impacts on PSD

For the pollutants emitted in significant levels by 

the proposed facility, PSD increments exist only for TSP. The 

modeling results indicate that no violations of either the annual 
or 24-hour increment for particulates will occur. Also, no 

Class I areas will be impacted.

The sources modeled to assess particulate PSD impacts 

are sources permitted previously, and the sources of the proposed 

facilities. Predicted annual particulate levels are shown in 
Figure 8-2. The maximum annual concentration is 0.22 yg/m^ which 

is well below the 19 yg/m^ limit permitted by the Class II incre
ment, and also below the 1.0 yg/m^ annual average significance 

level.

Using the full year of 1964 meteorological data for 

Barter Island CRSTER was exercised to calculate maximum 24-hour 

TSP concentrations for every day of the year. Separate runs 

v.^ere made for the major sources of the proposed facility such 

as GC-1, GC-2, and FS-2, as well as Drill Pad E. Julian Day 74 

(March 15, 1964) produced the largest impacts for the large 

emissions sources, while Julian Day 108 (April 18, 1964) maxi
mized the impacts from Drill Pad E. However, the impacts from 

Drill Pad E were smaller by a factor of 3 to 4 than the impacts 

from the other sources. Therefore, Day 74 was selected as being 

the most likely to produce the maximum 24-hour impacts. The 

meteorological conditions which characterize Day 74 are given 

in Table 8-2.

Day 74 is also a day which maximizes the interactive 

impacts between the major sources of the proposed facility.
East or west winds have the largest potential for aligning the 

greatest nvimber of sources, and Day 74 exhibits a very persistent 

east wind.
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METEOROLOGICAL DATA
TABLE 8-2

. FOR DAY 74 (MARCH 15. 1964)

Hour

Direction Toward
Which the Wind
Is Blowing 
(Degrees)

Wind
Speed
(M/s)

Mixing
Height

(M)
Temperature 

(Deg - K)

1 271.00 7.72 616.10 235.37
2 266.00 7.20 648.32 235.37
3 248.00 5.66 680.54 234.81
4 250.00 5.14 712.77 234.26
5 259.00 8. 75 744.99 235.37
6 271.00 8.75 777.21 235.92
7 274.00 11. 32 868.00 237.04
8 269.00 10.80 895.83 238.70
9 272.00 14.40 923.67 240.37

10 268.00 14.40 951.50 240.93
11 270.00 15.43 979.33 242.04
12 271.00 15.43 1007.17 242.59
13 273.00 18.01 1035.00 243.70
14 273.00 20.06 1014.83 244.26
15 269.00 19.55 1035.00 245.37
16 272.00 21.61 1035.00 246.48
17 266.00 21.09 1035.00 245.93
18 267.00 18.52 1017.95 246.48
19 267.00 19.03 994.60 246.48
20 270.00 18.52 971.25 245.93
21 268.00 19.03 947.91 246.48
22 267.00 14.92 924.56 246.48
23 273.00 14.40 901.21 246.48
24 274.00 11.32 877.86 246.48

Resultant Met Conditions:
Wind Direction = 269.02 Resultant Wind Speed = 14.16
Average Wind Speed = 14.21 Average Temperature = 241.80
Wind Persistence = .997 Moda 1 Stability - 4

Stability
Class

4
4
4
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4



Isopleths of maximum 24-hour TSP concentrations as 

determined with RAM for Day 24 are shown in Figure 8-3. The 
maximum 24-hour ground-level TSP concentrations is 2.1 yg/m^ 

which is well below the 37 yg/m^ Class II increment and also 

below the 5 yg/m^ 24-hour significance level.

Table 8-3 summarizes the results for both the annual 
and 24-hour TSP PSD analyses.
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TABLE 8-3
IMPACTS ON PSD INCREMENTS FOR PARTICULATES 

FOR THE PROPOSED FACILITIES AND 

OTHER INCREMENT CONSUMING 
SOURCES (yg/m^)

Contribution from previously 

permitted sources

Contribution from proposed 

sources

Annual
Maximum

0.04

0.18

Total PSD Increment Consumption 0.22

Allowable Class II Increment

Significance Level

19.00

1.00

8-14

24-hour
Maximum

0.5

1.6

2.1

37.0

5.0



8.5 Impacts on NAAQS

The modeling results indicate that neither the long
er short-term NAAQS for NO2 or particulates will be exceeded.
The maximum predicted concentrations for particulates are about 
18 percent of the NAAQS. Maximum predicted short-term NMHC 

levels do not exceed 30 percent of the concentrations specified 

in the federal guideline for NMHC. The maximum predicted annual 
NO^ concentrations approach 70 percent of the concentration per
mitted by the NAAQS. It was conservatively assumed that all 
NO^ is NO2 in this analysis.

The NO2 and particulate impacts on the NAAQS were 

evaluated by assigning the impacts three distinct components:
1) a contribution from an anthropogenic or natural sources 

(termed "background", 2) a contribution from existing non-PSD 

or baseline sources, and 3) contributions from PSD sources 

(previously permitted and proposed). Even though no PSD incre
ments exist currently for NO2 , the EPA will promulgate NO2 PSD 

increments in the near future. Therefore, the previous break
down was provided to give a better overview of the relative 

importance of the different components of the NO2 impacts.

8.5.1 Annual and 24-Hour TSP Impacts on NAAQS

Natural background levels for pollutants in the Prud- 

hoe Bay area are given in Table 4-3. For TSP a range of 6 yg/m^ 

to 9 yg/m^ is indicated. To be conservative, a value of 9 yg/m^ 

was used for TSP background.

Neither the maximum annual or 24-hour PSD impacts, 
Figures 8-2 and 8-3, ever exceed the respective levels of 
significance of 1 yg/m^ and 5 yg/m^. This implies that no
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area of significant impact exists, and according to PSD guide
lines, no further NAAQS impact analysis is necessary. However, 
for the sake of completeness, the total impact for all existing 

and PSD sources was determined. The resultant annual isopleths, 

which do not include the background of 9 yg/m^ are shown in 

Figure 8-4. The maximum annual impact of 3.7 yg/m^ is due 

entirely to existing sources.

The maximum impact produced by the proposed sources 

in conjunction with the other PSD and existing sources is pre
dicted to occur at the receptor where the PSD increment is 

maximized. The total annual impact due to all sources at this 

receptor is 0.40 yg/m^. This location is identical to the 

location of maximum annual average TSP concentrations shown on 

Figure 8-2.

Similar arguments also apply to the 24-hour impaccs. 
RAM modeling of the existing and PSD sources (which include the 

proposed facility) show a maximum impact on 24-hour NAAQS of 
3.2 yg/m^ for Day 74 at the point of maximum PSD impact. These 

results are presented in Table 8-4. The annual and the 24-hour 

particulate impacts are less than 17 percent and 9 percent, 
respectively, of the levels allowed by the NAAQS.
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TABLE 8-4
maximum impacts on naaqs 

FOR TSP PRODUCED BY THE PROPOSED 
FACILITIES AND ALL OTHER SOURCES'’' 

(Ug/m^)

Predicted
Concentration

Total Computed 
Background NAAQS Impacts

Secondary
NAAQS

Annual 0.40 9.0 9.40 60

24-Hour 3.2 9.0 12.2 150

* Maximums are reported for the area of maximum impacts of PSD sources. 
Higher impacts occur in areas of maximum impact of existing sources 
alone. However, the proposed sources have insignificant impacts at 
these locations.
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8.5.2 Annual NO2 Impacts

NO^ is the pollutant emitted in greatest quantity by
the proposed facility, 

exists for NO2.
Currently, only an annual standard

Based on the data given in Table 4-3, a background 

NO2 concentration of 1 ug/m^ has been assumed.

From an analysis of the modeling results for NO2 , 
it was found that the maximum impact area for all sources (pro
posed, previously permitted, and existing) did not coincide 

with the area of maximum impact produced by the proposed sources 

alone. The maximum impact of all sources plus the background 

levels is the concentration which determines compliance with 

the NAAQS. However, in the current analysis this maximum 

impact is dominated by contributions from the existing sources. 
The proposed sources do not contribute appreciably. Therefore, 
to fully assess the impact of the proposed sources, the ambient 
NO2 concentrations in the areas of their maximum impact have 

also been determined.

In addition, to assess the relative impacts of the 

proposed sources, contributions from proposed sources and from 

other previously permitted sources have been reported separ
ately .

The annual NO2 concentrations produced by the proposed 

sources only are shown in Figure 8-5. The maximum impacts are 

about 6.0 yg/m^. Refined modeling of this area of maximum 

impacts with a grid having a 0.25 km spacing shows no localized 
impacts greater than 6.1 yg/m^. The contributions from other 

permitted and existing sources to the annual NO2 cancentrations
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at this point were also determined. These are summarized in 

Table 8-5. The total impact of all sources including the 

background is 13.2 yg/m^.

The annual NO2 concentrations produced by all sources 

(proposed, previously permitted, and existing) are shown in 

Figure 8-6. Again, the area surrounding the maximum impact of 

51 yg/m^ was remodeled with a grid having a spacing of 0.25 km. 
The culpability option of TCM was also exercised. A number of 

localized concentrations greater than 51 yg/m^ were found. The 

maximum NO2 levels found were 68 yg/m^ at two different recep
tors. Ninety five percent of these maximum levels are attribut
able to existing non-Unit sources. The exact contribution of 

the different source types is shown in Table 8-5. The total 
predicted maximum annual NO2 impact, including the background 

is 69.4 yg/m^.
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TABLE 8-5
MAXIMUM PREDICTED ANNUAL NO2 CONCENTRATIONS (jig/m^)

Pollutant Sources

Background

Existing Sources

Previously Permitted 
Sources

Proposed Sources 

Total of All Sources

Concentration at Location 
of Maximum Impact Due 

to all Sources

I. 00

67.12

0.23 

I.00 

69.35

Concentration at 
Location of Maximum 

Impact due to Proposed 
Sources Alone

1.00

4.92

1.21

6.09

13.22
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8.5.3 Non-Methane Hydrocarbon Impacts

The existing federal guideline for non-methane hydro
carbons serves as an index for assessing compliance with the 

NAAQS for ozone. In this study the total hydrocarbon emissions 

from all existing and proposed sources in the Prudhoe Bay area 

were modeled to calculate maximum 3-hour (6 to 9 a.m.) levels 

for comparison to the federal guideline. A background NMHC 
level of 40 yg/m^ (Table 4-3) was assumed.

Maximum ozone concentrations, however, were not calcu
lated through dispersion modeling predictions for several reasons. 
First the EPA-published Compilation of Air Pollution Emissions 

Factors (AP-42, Section 3.3.2) states that, on the average, non
methane hydrocarbon emissions make up only 5 to 10 percent of 

the total hydrocarbon, from heavy-duty, natural gas-fired turbines. 

Specifically, the natural gas comiposition reported in Appendix B, 
p. B-1 demonstrates that methane (column 4) and other short-chain 

hydrocarbons comprise the largest mole percent of the fuel. For 

the purposes of comparing predicted hydrocarbon levels to the 

federal guideline, it was assumed in this study that all hydro
carbons emissions are non-methane. Therefore the calculated 

emissions and predicted concentrations are conservatively high.
In reality then, the potential NMHC emissions from the proposed 

new sources should be much less than the calculated total hydro
carbon emissions of 739 tons per year (Table 6-2) and, in fact, 

should be less than 250 tons per year.

Secondly, because of its location at high latitudes, 

Prudhoe Bay receives relatively little incoming solar radiation, 

even during the summer months. This is reflected in the monitor
ing data collected at Point Barrow which shows no summer ozone 

maximum as is often measured at monitoring sites located at lower
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latitudes. Therefore, there is no clear justification for esti
mating ozone levels at Prudhoe Bay by modeling the photochemical 
reactions of non-methane hydrocarbons with other ozone precursors.

CRSTER runs were made for the major hydrocarbon emit- 

tors of the proposed and previously permitted increment consuming 

sources. The CRSTER summary lists the fifty 3-hour time periods 

which produce the maximum 3-hour impacts for a given year. Of 
these 50 only 2 correspond to time period 3, which is 6 to 9 a.m. 
For these two, Day 15 (January 15, 1964) produced the larger 

impact and was selected for the 3-hour impact analysis with RAM.
A number of other 3-hour periods for this day also appear in the 

list of the highest 3-hour concentrations, which lends additional 
credence to selection of day 15. The meteorological conditions 

for time period 3 are summarized in Table 8-6,

The maximum 3-hour NMHC impact of 9.6 tg/m^ was deter
mined by modeling all existing, and proposed sources with RAM. 
Seventy-seven percent of this impact is attributable to the 

existing source, ARCO P-324, a set of turbines which have the 

largest hydrocarbon emission rate of all sources permitted and 

existing. The total impacts are summarized in Table 8-7. The 

maximum hydrocarbon emission rate for the proposed new sources 

is smaller by a factor of 4 than that of ARCO P-324, while the 

remaining stack parameters are comparable. Therefore, the 

impacts from the proposed new sources will be less than the 

total impacts reported in Table 8-7. Since ARCO P-324 does not 
threaten the NAAQS, neither should the proposed sources.
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TABLE 8-6
METEOROLOGICAL DATA FOR JANUARY 15, 1964, PERIOD 3

Hour

Direction Toward 
Which the Wind 

is Blowing 
(Degrees)

Wind
Speed
(M/s)

Mixing
Height

(M)
Temperature 

(Deg - K)
Stability

Class

7 82 15.4 495 250 4

8 79 15.9 507 250 4

9 80 17.0 519 250 4



TABLE_8-7
MAXIMUM 3-HR IMPACTS ON GUIDELINE FOR NMKC

Predicted Maximum
3-Hr NMHC Impact 

(yg/m^)
Background

(Ug/m^)

Total NMHC 
Impact 
(yg/m^)

3-Hour 
Guideline 

(6-9 am) 
cyg/m-")

9.6 40. 49.6 160
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8.6 Impacts of Downwash

The stack heights of the proposed facilities will be 

lower than the Good Engineering Practice (GEP) height that is 

calculated from the empirical equation provided in the proposed 

stack height rules of the January 12, 1979 Federal Register. 
Because of the' low stack-to-building height ratio (approximxately 

1 to 1 at the gathering centers), EPA Region X requested that 

the Unit address downwash for the proposed combustion-turbines 

and gas heaters.

Use of the following methods of accounting for down- 

wash were discussed and agreed upon at the pre-application meet
ing. From turbine plumes, the effective interm.ediate and final 
plume heights as predicted by the Briggs plume-rise equations 

which are part of the EPA models, would be multiplied by 0.7 for 

periods of unstable or neutral atmospheric stability. This 

plume-rise reduction factor accounts for the entrainment of 

cooler ambient air being forced into the plume by the normally 

horizontal wind arching over the turbine housing. The effects 

of building wakes on process-heater plume dispersion would be 

accounted for by Huber's method of enhancing dispersion coeffic
ients (Huber, 1979). A description of these methods for treat
ing downwash and the modification of the EPA models used in this 

study to include these treatments are discussed in Appendix D.

To determine the impact of the downwash of heater 

plimies , the Unit complex with the greatest number of proposed 

new heaters and the greatest total heater NO^ emissions was 

examined. Therefore, the five heater stacks proposed at the 

Gathering Center Number 2 were subjected to downwash modeling. 
Since the impacts of downwash on ground-level pollutant concen
trations should be significant only within short distances of
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sources (less than about 1.0 to 2.0 kilometers downwind), the 

interactions among dox-mwashed plumes produced from new sources 

at separate locations in the Unit were not examined.

From the other modeling analyses reported in this 

study, it was determined that, compared to other pollutants, 

emissions of NO^ had the most significant impact on a primary or 

secondary NAAQS. Therefore, NO^ emissions were modeled in the 

doxmwash analyses. In this analysis it was assumed, for conserv
atism, that all N0_ \<ias converted to NO-.

First, a stack building configuration was assumed, 
because final dimensions and exact locations for the ne'w facil
ities have not yet been definitized. Based on an examination of 

the geometry of exiscing facilities, conservative DUi_i_n£, 
dimensions were chosen for the doxmwash analysis. Existing 

heights of buildings containing heaters at gathering centers and 

flow stations are 18.3 meters or less, so a building height of 

18.3 meters was assumed. As the building height increases, the 

maximum ground-level concentrations predicted by the inclusion 

of Huber's equations in the models became larger. Therefore, the 

assumption of an 18.3 meter height is conservative.

A minimum building length was assumed for the doxvTi- 
wash analysis because Huber's equations show that the predicted 

concentrations are inversely proportional to building length. 

Stacks are spaced approximately 14 meters apart, along buildings 

at existing gathering centers and this stack spacing was 

assumed for the dov/nwash analysis. Since five new heater stacks 

will be located at Gathering Center 2 a conservative building 

length of 60 meters was assumed.

The RAM model was applied in this analysis and altered 

to include Huber's equations. A set of 23 receptors extending
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do^^wind of the stack with the greatest emissions and aligned 

normal to the building side was input to the RAM model. The 

first three receptors were spaced ten meters apart starting at 
a distance of 70 meters from the building and the rem.ainder were 

spaced 100 meters apart out to a distance of two kilometers.

Meteorological inputs consisted of twenty combinations 

of stability classes and wind speeds likely to induce downwash. 
These included the Pasquill-Gifford B, C, D, E, and F stabilities 

and x^ind speeds of 3 to 17 meters per second. Stability Class A 

was ignored because of a tendency of Huber's m.ethod to decrease 

rather than increase concentrations beyond the immediate source 

area and also because A stability rarely occurs in the Arctic. 

Severe downwash is not likely to occur at x^7ind speeds of less 

than three m.eters per second (ERA, October 1977) .

The program was executed both with and without Huber's 

modifications for various stack heights. Results showed that 
with downwash the maximum 1-hour NO2 level reached 186 .^g/m’ at 
a distance of 70 meters from the building. This compares to a 

predicted NO2 concentration without downwash of 0 tg/m^ at the 

same location, under the same dispersion condition (D stability,
17 miles per second wind speed). Annual modeling results (without 
downwash) show that the new heaters at Gathering Center 2 add only 
2 to 3 yg/m^ at the receptors immediately adjacent to the complex. 
This compares to a total predicted annual NO2 concentration of 
about 7 to 10 yg/m^ in the immediate vicinity of the gathering 

center and due to all sources. If it were conservatively 

assumed that the ratio of maximum 1-hour to annual levels were 

5 to 1*, then the total annual NO2 concentrations at 0.7 kilo
meters downwind of the new GC-2 heaters should not exceed about

*Larson's (1971) data shows that the ratio of maximum 1-hour to 
annual pollutant levels can range from about 40:1 to 70:1. These 
data were obtained from air quality monitoring programs conducted 
from 1962 to 1968 at 8 major cities in the United States.
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40 ug/m^ . At distances beyond 0.3 kilometers from these sources 
model predictions show that the consideration of downx^ash results 

in maximum 1-hour NO concentrations equal to or lower than those 
predicted with no downwash. Therefore, the NAAQS of 100 yg/m^ 

(annual average) for NO2 would not be threatened as a result of 

downwash generated in the wake of the gathering center module.
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9.0 IMPACTS ON SOILS AND VEGETATION

The pollutants of major concern with respect to 

impacts on soils and vegetation are total suspended particu
lates, oxides of nitrogen and NO2 converted to particulate 

nitrates. In general, surface soils and natural vegetation 

are expected to act as a sink for most of -these atmospheric 

pollutants from the proposed Prudhoe Bay oil field areas. 
That is, the surface soils and vegetation normally remove a 

portion of the atmospheric pollutants by surface adsorption 

and other processes.
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9.1 Soils

Soil Characteristics

The Arctic coastal plain province in which the Prudhoe 

Bay sites are located constitutes a relatively large, uniform 

landscape unit. It is characterized by low topographic relief, 

numerous lakes and ponds, polygonalized ground-pattern, and a 

non-integrated drainage system of numerous meandering streams 

(Black, 1969, pp. 283-299; Brown et al., 1970, p. 148; Brown et 
al., 1971, p. 282). Permanently frozen ground underlies the 

entire region with the depth of the active layer (maximum depth 

of thaw) commonly being no more than 1.5 to 3 feet.

Soils characteristics of cold temperatures and poor 

drainage dominate, most of which are Inceptisols (tundra and 

half-bog soils) with Histosols (bog soils) being the most com
mon associates (Brown, 1967, pp. 686-691; Brown, 1969; Drew et 
al., 1961, pp. 109-116).

Most of the tundra soils are probably Pergelic Cry- 

aquepts and most of the half-bog soils are probably Pergelic 

Cryohemists and Pergelic Cryosaprists (Gersper et al., 1975, 
pp. 737-744)

At an international level, the soils of this area 

have been classified as Gelic Gleysols (UNESCO, 1975) of the 

Coastal Plain Province. Much greater areas of Gelic Gleysols 

are believed to occur as subdominant associates of the very 

extensive areas of Gelic Regosols occurring within the Arctic.

These soils comprise a wide variety of textures and 

parent materials ranging from coarse glacial till and out wash
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to a variety of marine sediments. The thin solum and weak pro
file development is mainly the result of the severity of the 

Arctic climate, the slow pedologic processes and the presence 

of permafrost.

In general, these soils reflect conditions of wetness. 
They are high in organic matter, strongly acid and may have low 

base status. High moisture contents, low temperatures, and re
ducing conditions prevail. The soils are underlain by peren
nially frozen gromd, with maximum depth (UNESCO, 1975) of thaw
ing about two feet. Generally, a rather thin histic horizon over- 

lies a silty clay loam mineral horizon. The mineral horizons are 

admixed with humidifed peaty material which often occurs in suffi
cient quantity to qualify them as histic. Often a distinctively 

peaty layer is encountered at a depth of eight inches or so.

Maintenance of vegetative cover for wrldlife susten
ance and preservation of equilibrium between active and perma
frost layers poses important problems in management. The 

effects of destroying protective surface cover, with consecutive 

deepening of the saturated active layer by thawing of the under
lying permafrost, has been shown to have drastic and permanent 
effects on the natural ecological balance (UNESCO, 1975).

Impacts on Soils

As mentioned before soils act as a significant sink 

for both NO and particulates, all of which are removed from 

the air and absorbed on the soil and plant surfaces. The rate 

of adsorption is dependent upon distance from the source, their 

concentrations in the air, soil properties, density of vegeta
tion cover, and prevailing hydrological and meteorological 
conditions.
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The end product of soil sorption is nitrate. Maximum 

predicted annual concentrations of NO2 would reach about 60 - 70 
]ig/m\ The maxim\jm 24-hour particulate levels may reach 2 yg/m^ 

and annual particulate levels would be less than 0.5 yg/m^.

It appears that the quantities of nitrates, thus added 

to.the soil and assimilated into soil-plant system will be insig
nificant as compared with that normally present in these soils. 

Thus the amounts of pollutants added in the vicinity of the 

Prudhoe Bay Oil Field should exert a negligible impact on the 

soils of the area.
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9.2 Vegetation

In general, plant growth in the Prudhoe Bay area occurs 

only during a three-month period (June through August) when the 

upper portion of the permafrost has thawed. The severe climatic 

environment fomd in this area has restricted the number of 

native plant taxa to approximately 70.

Vegetation Communities

A total of only foixr major vegetation communities 

have been defined that occur within the area. The wet sedge 

meadow community is the most prevalent while the aquatic lake 

community consistutes much of the remainder. Floodplains and 

cutbank communities are restricted to the area immediately adja
cent to the Sagavanirktok and other rivers. Inland the elevation 

increases, drainage is improved, and the vegetation community 

changes to a cottongrass meadow. Lists of plant species associ
ated with each community and adapted from Spetzman (1959) are 

shown in Appendix F. This type of information is provided at 

the request of the Alaska DEC.
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Impacts on Vegetation

There is at present no recreationally or agricultur
ally valuable vegetation located in the vicinity of the proposed 

facility. It can be expected that the area possesses wildlife 

value, but that value should decrease in proximity to the facil
ity due to the level of human presence. The value of the existing 

vegetation communities adjacent to the facility would be measured 

more in esthetics, and the function of the vegetation in sub
strata stabilization, hydrologic, and erosion characteristics.

There is currently no available information on the 

tolerance levels of the high arctic plants for criteria air pol
lutants. The probable impacts of the proposed facility can, 
however, be inferred from the tolerance levels determined for 

plants native to lower latitudes. Table 9-1 has been taken from 

Heck and Brandt (1977) and indicates the threshold level for 

acute toxicity to plants. Comparing the lower range for NO2 
effects on sensitive plant taxa, 3,000 ug/m^; the predicted 

annual levels of 60 - 70 ug/m^ would indicate no acute effects 

could possibly be expected.

Chronic effects from long-term exposure miay be ex
tremely diffucult to either define or quantify. Long-term (22 
days) exposure to low levels of NO2 (950 ug/m^) has been reported 

to result in reduced productivity of a sensitive plant species 

(Jacobson and Hill, 1970). The levels of pollutant tested by 

far exceed the expected concentrations resulting from around 

the proposed facility. Although chronic effects due to long
term exposure to extremely lov; levels of NO^ cannot be ruled out 
entirely; the possibility of their occurrence is remnte.
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TABLE 9-1. NITROGEN DIOXIDE: PROJECTED POLLUTANT CONCENTRATIONS FOR 
SHORT-TERM EXPOSURES 'IHAT WILL PROVIDE ABOUT FIVE PERCENT 
INJURY TO VEGETATION GROWN UNDER SENSITIVE CONDITIONS*

Exposure Time 
(hours)

Concentration (pg/m^) Producing Five Percent 
Injury by Plant Susceptability Groupings

Sensitive
Plants^

Intermediate
Plants

Resistant
Plants^

VD
I

0.5 11,502 - 23,004 19,170 - 47,925 > 38,340

1.0 5,751 - 19,170 17,253 - 38,340 > 34,506

2.0 4,793 - 14,378 13,419 - 28,755 > 24,921

4.0 3,834 - 11,502 9,585 - 23,004 > 19,170

8.0 2,876 - 9,585 7,668 - 17,253 > 15,336

^Heck and Brandt (1977).
ry

^Example: nitrogen dioxide; alfalfa, barley, cotton, pine, and squash
^Example: nitrogen dioxide; corn, oak, cantaloupe



The predicted incremental increases in maximum annual 
and 24-hour total suspended particulate levels are much lower 
than the significance levels of 5 ug/m^ and 1 yg/m^, respectively 

for these averaging periods. These levels are far below those 

considered to have detrimental effects on vegetation in the area.
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10.0 IMPACTS ON VISIBILITY

Particulate matter of small diameter or aerosols 

formed bv the conversions of SO, and NO emissions to nitrates
^ “ X

and sulfates could potentially cause some impairment to the 
visibility in the Prudhoe Bay area. However, the total increase 

in emissions of particulate matter of all size ranges should be 

less than 130 tons per year as a result of the proposed new 

sources. In addition maximum incremental increases in 24-hour 
and annual TSP concentration should both be less than 2 ug/m^. 
Therefore, the em.issions of additional particulates should not 
significantly impact visibility in the area.

Enhancement of fog and ice fog formation in the study 

area may result fromi the proposed plant plumes, exhausts from 

the associated additional vehicles and buildings, and the res
piration of the increased number of persons in the area. These 

additional fogs and ice fogs may result in an incremental 
reduction in visibility in the Prudhoe Bay area.

Meteorological observers at the Deadhorse Airport 

have noted enhanced fog and ice fog occurrence in the settle
ments and contractors' cam.ps in the Deadhorse area. Weather 

forecasts in the winter sometimes include mention of ice fog 

development in the camps. These ice fogs have been observed to 

advect downwind from the cam.ps, and according to meteorological 
observers, the Deadhorse Airport sometimes receives ice fog 

created or enhanced in development by the settlement immedi
ately to the northeast.

Based on the most frequent wind directions shown on 

the annual wind rose for the Deadhorse Airport (Figure 4-3), 
any significant incremental impairment of visibility by fog or
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ice fog resulting fron the proposed new sources should be 

restricted primarily to the Prudhoe Bay oil field although 

enhanced visibility impairment may occur in the vicinity of 
the Deadhorse area and the ARCO Base Camp airstrip.

A thick haze is visible over the Arctic Ocean each 

spring (Kerr, 1979). Visibility aloft is often reduced from 

more than 100 kilometers to less than 10. The cause(s) of the 

Arctic haze is not certain, but long-range transport of sulfates 

generated from European industry is suspected. Some haze is 

likely to occur in the immediate Prudhoe Bay area as a result of 

the new facilities, but should not have a discernible effect on 

the widespread Arctic haze.

To be conservative in determining impacts on ambient 
air quality standards, the emissions of nitrogen oxides (NO^) 
from the new facilities are all assumed to be nitrogen dioxide 

(NO2). The largest portion (probably greater than 90 percent) 

will actually be nitric oxide (NO) which is a colorless gas 

(Ozkaynak et al. , 1979). However, NO reacts in the atm.osphere 

to form NO2, a yellow-brown gas, and nitrates (NO"), both of 

which may impair visibility (Latimer and Bergstrom, 1979) .
Rudolf Puschel of NOAA has confirmed (1970) that NO^ emissions 

from a refinery are rapidly converted to nitrate particulates. 

The diameter of the particles mostly exceeds 0.5 microns,’ and 

the particles do cause visibility impairment. However, unlike 

sulfate particles, the nitrate particles quickly agglomerate to 

a size which falls out of the atmosphere either as dry matter 

or as precipitation nuclei. Because of this rapid fallout, it 

seems unlikely that the NO^ emissions of the proposed facilities 

would affect visibility outside the Prudhoe Bay area.
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The oil development on the North Slope was originally 

suspected of contributing to the Arctic haze, but is no longer 

considered to be a significant factor (Shaw, 1979). The haze has 

been reported since the 1950s, well before the oil development 
began. Vanadium and manganese are found in the haze particles, 

but are almost nonexistent in fuel-oils burned in Alaska. They 

are, however, abundant in the fuels burned in Europe and the 

contiguous United States.

Incremental impacts on the frequency and severity of 

reduced visibility are likely to be insignificant compared to 

any impacts resulting from existing sources. Furthermore, the 

areas of major concern with respect to visibility impairment 
are the PSD Class I areas. No Class I PSD areas are located 

within 900 kilometers of the Prudhoe Bay area. Therefore, no 

impact on visibility in Class I areas is expected.
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11.0

11.1

IMPACTS OF CONSTP.UCTION AND GROWTH

Cons truction

Due to the harsh climate on the North Slope, all of 

the proposed equipment will be fabricated in the contiguous 

United States. The equipment will be fabricated in modular 

components, barged north during the s;ammer months,, and installed 

on site. In addition, these new modules will be installed on 

existing or expanded gravel pads. The only construction impacts 

on air quality consist in the relatively minor amounts of pollu
tants emitted from trucks, small construction machinery, and 

supporting eq.uipment. These engines emit minor amounts of hydro
carbons, sulfur dioxide, carbon monoxide, nitrogen oxides, and 

particulate matter. The contaminants would be expected to cause 

localized, temporary effects upon existing air quality, but are 

not expected to cause any adverse effects beyond the Prudhoe 

Bay area.

Fugitive dust emissions would probably be the most 
noticeable impact during construction. The amomt of dust would 

vary from day to day, depending on the level of activity and 

the weather. Overall, fugitive dust from construction activi
ties should add only minimally to existing backgromd particu
late levels in the area. Various control techniques will be 

used as necessary to meet state criteria, which specify that 

reasonable precautions must be taken to prevent particulate 

matter from becoming airborne.
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11.2 Growth

After construction and start-up of the new facilities, 

it is anticipated that there would be little growth in support
ing industries to the Prudhoe Bay area by the Unit Owners or 

others. Consequently, the proposed new facilities are not ex
pected to have a pollution impact other than that discussed in 

this application.

Increases in living quarters or traffic resulting 

from the enlarged work force at the Prudhoe Bay oil field will 
be small. The permanent total work force required to super
vise, operate, and maintain the new facilities is estimated to 

be about 100. This compares to an existing work force, 

present at any one time at Prudhoe Bay, of about 3000. This 

increase in population is not considered significant from an 

air quality impact standpoint.
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APPENDIX A

ANALYTICAL ASSUMPTIONS



A. Existing Air Quality

1. Air quality data collected from March 16, 1979 lontil 
June 30, 1979 during the on-site monitoring program 

is acceptable for use in establishing the existing 

air quality for the Prudhoe Bay area.

2. Concentrations measured at Well Pad A during west- 

southwesterly winds and at Drill Site 9 during east- 

northeasterly winds represent background concentrations 

(those which are uninfluenced by Prudhoe Bay facilities)

B. Emissions

1. Turbine models have not yet been selected, so emission 

rates are based on average emission factors for tur
bines and the given power requirements.

2. Emission rates have not been measured for these par
ticular process heaters, so emission rates are based 

on emission factors for natural gas combustion devices 

and their given heat inputs.

3. Emission rates for fuel oil storage tanks have been 

based on emission factors for average tank tempera
ture of 40^F.

4. The ullage tank will be empty except for emergency use.

5. The flare facilities for separator off gas will not 
be used except in emergencies.
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C. Air Quality Impacts

1.

3.

4.

7.

To screen out carbon monoxide (CO) as a pollutant re
quiring refined modeling, CO emissions were calcula
ted and totaled for all existing and proposed sources 

and were assxjmed, for conservation, to be released 

from a single heater.

All oxides of nitrogen are assumed to be nitrogen 

dioxide (NO2) even though conversion of NO to NO2 may 

actually require more time than the time plumes use to 

disperse.

All hydrocarbon emissions are assumed to be NllHC.

For each pollutant, the higher background concentration 

of the two monitor sites was used as the background for 

modeling. (See Assxnnption A-1.)

The meteorological conditions causing highest CRSTER- 
predicted concentrations from important single sources 

would also cause the highest concentrations to be pre
dicted when modeling all the sources with RAM.

To avoid CRSTER preprocessor program logic problems, 
mixing heights were linearly interpolated between 

successive afternoon mixing height values on days of 

no sunrise or sxmset.

To avoid CRSTER preprocessor program logic problems, 
sunrise was set to 0000 hrs and sunset to 2400 hrs for 

simmer days when neither sunrise nor sunset actually 

occurs.
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8. Downwash for process heaters is adequately simulated 

beyond three building heights downwind by Huber's 

technique (Huber, 1979).

9. Proposed Gathering Center-2 heaters will produce the 

worst downwash case.

10. Downwash for turbines with high exhaust temperatures 
is conservatively simulated by restricting modeled 

intermediate and final plume heights to seven-tenths
- of Brigg's Plume Rise for unstable and neutral con- 

ditions.

11. Conservative building dimensions for a downwash analysis 

of Gathering Center-2 would be 18.3 meters high and 60 

meters long.

12. All emitting facilities will operate continuously 

year round.

13. All emissions sources within a certain complex 

(gathering center, flow station) can be assumed for 

modeling purposes, to be located at the single set UTM 

coordinates reported for the complex.

14. Meteorological data collected at Barter Island, Alaska 

is acceptable for use in modeling air quality impacts 

at Prudhoe Bay.

15. Standard EPA-recommended models (TCM, CRSTER, PTMAX,
RAM rural) with the plume rise and mixing height modi
fications discussed in Appendix D are suitable or at 

worst, conservative in their ability to accurately
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predict pollution concentrations from point sources in 

the Prudhoe Bay area.

16. Emissions and stack parameters for existing non-Unit
emissions sources in the Prudhoe Bay area do not differ, 

except as noted, from the values reported in the 1978 

PSD permit application prepared by the Unit Operators.
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APPENDIX B - EMISSIONS CALCULATIONS

Tjrpical fuel composition supplied by SOHIO;

Component

N2
CH4
C2H6
C3H8
IC^Hio
NC4H10
IC5H12
NC5H12
CsHi4

Molecular
Weight

44. 01

28.016
16.043
30.07
44.097
58.124
58.124
72.151
72.151
86.178

Mole 7,

12.0

0.7
74.6
6.5
3.4
0.6
1.1
0.3
0.4
0.4

LHV
(Btu/lb.)^

0
21,502
20,416
19,929
19,614
19,665
19,451
19,499
19,391

LHV
(Btu/ft^)^

0
880.4

1566.9
2243.0
2909.8 

2917.3
3582.0
3590.8
4265.1

LHV of fuel = (.746 x 880.4) + (.065 x 1566.9) + (.034 x 2243.0) 

+ (.006 X 2909.8) + (.011 x 2917.3) + (.003 x 3582.0) 

+ (.004 X 3590.8) + (.004 x 4265.1)
= 926.6 Btu/ft' fuel

„ _ nRT _ (1 lb. mole) (1.314 atm. ftVlb. mole °K) (298.16°K)
1 atm.

V = 391.8 ftVlb. mole

^Lower Heating Value from Perry's Chemical Engineers Handbook, 
5th Edition, table 3-203.

^At 25°C
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Now, looking at the combustion calculations for the fuel we get:

— (moles).746 1.492 .746 1.492

CH4 -h 2O2 ----> CO2 4- 2 H2O

.065 .228 .13 .195
C2H6 + 3.5O2 —> 2 CO2 3 H2O

.034 .170 .102 .136
C3H8 

.017 

Ci»H 1 0 
.007 

C5H12 

.004 

C6Hi4

5O2

.111
6.502

.056
8O2

.038
9.502

3 CO2 

.068
4 CO2 

.035
5 CO2 

.024
6 CO2

+

+

+

+

4 H2O 

.085
5 H2O 

.042
6 H2O 

.028
7 H2O

.873 2.095 1.105 1.978 <---- (mole totals)

From this we get:

O2 needed = 2.095 moles/mole fuel

N2 = — X 2.095 = 7.8812 moles/mole fuel (air is 797, N2,
217o O2 by volume)

CO2 formed = 1.105 moles/mole fuel

H2O formed = 1.978 moles/mole fuel

So with complete combustion at 07. excess O2 the flue gas prod
ucts are:

Component mole/mole fuel

CO2 .12 (from fuel) 1.105 = 
N2 .007 (from fuel) + 7.8812 

H2O 1.978

Stoichiometric 
flue gas, moles

1.225
7.8882
1.978
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With complete combxastion and 15 percent excess O2 in the flue 

gas-, the total lb moles O2 (dry) per lb mole of fuel, X, is cal
culated by the following equation:

X lb moles O2
X moles O2 + 1.225 lb moles CO2 + (7.8882 + X) lb moles N2

.15

9.1132 + 4.7619X
.15

X = 4.7847 lb. moles O2 
lb. mole fuel

Therefore, the flue products (dry) are

Component

CO2

N2

O2

Total (dry)

lb moles/lb mole fuel

1.225*
25.8878
4.7845

31.8973

*Note, we ignore 0.03 percent CO2 iti the air.
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FUEL RATES AND FLUE GAS RATES FOR EXAMPLE GAS TURBINES

wI

Example Turbine
(for calculations) Rated hp.

Solar Saturn T-lOOl 1,050 

Ingersoll-Rand GT-22 4,250 

Ingersoll-Rand GT-52 15,900 

General Electric M5251 25,000 

General Electric M5262A 26,250 

General Electric M5332B 33,550

Heat Rate 
(Btu/hp-hr)

12,348 

9,430 

9,365 

9,640 

9.780 

8,910

lb moles* lb moles**
Fuel/hp-hr Flue (dry)/hp-hr

.034013

.025975

.025796

.026553

.026939

.024542

1.08492

0.82853

0.82282

0.84697

0.85928

0.78282

r T /, , Heat Rate (Btu/hp-hr) x ft^ fuel lb mole fuel*lb moles fuel/hp-hr =--------------------------------- -------------------- x -----------------------
• 926.6 Btu 391.8 ft* fuel

** lb moles flue (dry)/hp-hr - lb moles flue(dry). ^ lb moles ,fuel , 3^ 3973 ^ lb moles fuel
lb mole fuel hp-hr hp-hr



NO2 Emissions from Gas Turbines

NO^ flue gas concentration = 150 pprav NO2 in flue gas on a dry
basis at 15 percent excess O2.

NO^ emissions lb moles flue (dry) ,, .000150 lb moles NO2
\1000 hp-hr hp-hr lb mole flue

46.008_1^^ X 1000 

lb mole

Example
Turbine Rate (Hp)

NOx Emission Factor 
(lb NOx/1000 hp-hr)

1,050 7.49

4,250 5.72

15,900 5.68

25,000 5.85

26,250 5.93

33,550 5.40

The NO^ emissions for all ratings of combustion tur
bines proposed in this permit application were calculated based 

on a single emission factor (lb NO^/1000 hp-hr). The factor 

of 5.9 lb/1000 hp-hr was selected as conservative. The higher 
number in the table above (7.49 lb/1000 hp-hr for the 1050 HP 

turbine)was not selected because it was significantly higher 

than the other values and because it was developed for an 

example turbine with a rating much lower than most of those 

proposed in this application.
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HC Emissions from Gas Turbines*

Emission factor = 0.2 lb HC/1000 hp-hr from AP-42 p. 149
table 3.3.2-1

, ^ ^ 0.2 lb HC 8760 hr „ ton ^ tons HCProposed t-urbine h.p. x --------------  x ------------ x 2000 lb1000 hp-hr

Proposed Turbine, h.p. Tons HC/yr.

1,400 1.2

3,500 3.1

5,000 4.4

22,000 19.8

25,000 21.9

26,000 23.3

36,000 31.5

^Expressed as total hydrocarbons
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CO Emissions from Gas Turbines

Emission factor = 1.1 lb CO/1000 hp-hr from AP-42 p. 149
table 3.3.2-1

^ ^ ^ 1.1 lb CO 8760 hr tonProposed tijrbrne h.p. x r——----:— x ------------  x1000 hp. hr

Proposed Turbine, h.p 

1,400

3,500

5,000

22,600

25.000 

26,600

36.000

yr • 2000 lb
tons CO 

yr.

Tons CO/yr. 

6.75

16.86

24.09

108.89

120.45 

128.16

173.45

B-7



wI
00

Particulate Emissions from Gas Turbines 

Potential Emissions;
Emission factor lA lb./10*ft* gas burned, from AP-A2, p. 146, table 3.3.1-2.

tonFuel rate fuel x 391.8 ft* fuel ^ 14 lb. particulate ^ 8760 hr. ^
hr mole fuel

tons particulate

10^ft* fuel 2000 lb.

Allowable Emissions;
Emission factor - 0.05 grains partlculate/ft* exhaust at 70°F dry basis.

Fuel rate x 9.11 moles dry flue* ^ 386.7 ft* @ 70°F* ^ 0.05 grains ^
hr
lb.

7000 grains
„ 8760 hr. ..
X ■ T T- »»

moles fuel

ton

mole flue 

tons particulate

ft * flue gas

Proposed 
Turbine, h.p. Fuel Rate.

yr. 2000 lb.

moles fuel
nr7

Potential Tons 
Partlculate/yr.

Allowable Tons 
Partlculate/yr.

1,400 47.6 1.1 5.2
3,500 90.9 2.2 10.0
5.000 129.9 3.1 14.4

22,000 600.1 14.4 66.1
25,000 663.8 15.9 73.2
26,600 716.6 17.2 79.0
36,000 883.5 21.2 97.4

*Value at 0% excess O2
2y = nRT _ (1 lb. mole) (1.314 atm, ft^/lb. mole 

P 1 atm.
°K) (294.27 °K) ^ ft®/lb. mole



so2 Emissions from Gas Turbines 

Potential Emissions:

Emission factor = 0.004 lb SO2/IOOO hp-hr from AP-42, p. 149
table 3.3.2-1

^ ^ ^ 0.004 lb SO2 8760 hr „ ton _ tons SO2Proposed turbine hp x ------------------ - x ------------ x ------------ = -------------
1000 hp-hr yr 2000 lb yr

Allowable emissions = 150 ppmv SO2 in flue gas at 15 percent
excess O2, dry basis, 25°C.

Using the same methodology as that used in calculating NO^ 

emissions:

Allowable SO2 emissions
1000 hp-hr

lb moles flue(dry) 

hp-hr

.000150 lb moles SO2 64.06 lb SO2 ;l000
lb mole flue lb mole

Example
Turbine Rate (hp)

1,050
4,250

15,900
25,000
26,250
33,550

SO2 Emission Factor (Allowable) 
(lb SO2/IOOO hp-hr)

10.4250
7.9613
7.9065
8.1385
8.2568
7.5221

The allowable SO2 emissions for all ratings of combus
tion turbines proposed in this permit application were calculated 

based on a single emission factor (lb SO2/IOOO hp-hr). The
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factor of 8.3 lb/1000 hp-hr was selected as conservative. The 

higher number in the table above (10.4250 lb/1000 hp-hr for 
the 1050 HP turbine) was not selected because it was significantly 

higher than the other values and because it was developed for an 

example tTjrbine with a rating much lower than those proposed in 

this application.
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The potential emissions of pollutants from gas heaters were cal
culated using the following equation:

Annual emission rate, = Heat rate of heater x
yr.

ft^ fuel 8760 hr. . . i: _ lb- pollutant_________926.6 BTU ^ emissxon factor, ^ ^ ^ burned

ton
2000 lb.

Emission factors were taken from table 1.4-1 of AP-42. They are;

Particulates
SO2

CO

HC (as CH4)

NO^ (as NO2)

10 Ib./lO® ft^ gas burned (av'g of 5-15)

0.6 lb./10® ft® gas bxxrned 

17 Ib./lO® ft® gas burned 

3 lb./10® ft® gas burned

175 Ib./lO® ft® gas burned (av'g of 120-230)

The allowable emissions of particulates from gas heaters were 

calculated using the following equation:

Allowable tons particulates/yr = Heat rate of heater,—fuel ^

mole fuel 
386.6 ft® fuel

0.05 grains ^ 

ft® flue

„ 9.11 mole flue 386.6 ft® flue „
X ' X ——X

926.6 BTU

mole fuel 

lb. ^ 8760Ji^^

mole flue 

ton
7000 grains 2000 lb.
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The allowable emissions of SO2 from gas heaters were calculated 

using the following equation:

Allowable tons SOa/yr = Heat rate of heater, x ——fnel ^

mole fuel 
386.6 ft^ fuel

r 926.6 BTU 

„ 9.11 mole flue .. 386.6 ft^ flue .. 0.000500 ft^ SO2X X “ X X
mole flue ft^ fluemole fuel

mole SO2 ^ 64.066 lb SO2 ^ 8760 hr. ^ ton 

386.6 ft^ SO2 mole SO2 yr. 2000 lb.
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EMISSIONS FROM FUEL OIL STORAGE TANKS

Estimated Emissions Losses Per Tank

1. Breathing Losses
Lo = 2.21 X 10“" M = ° ^

o 14.7-P ' P c

Where
L„ = Breathing losses, =11=/day 6

M = Mole wt = 130 #/# mole (Table 4.3-1, AP-42) 

(Conservatively assumed jet kerosene)
P = Vapor pressure = 0.0041 psia (Table 4.3-1, AP-42)

D = Tank diameter = 25 feet (typical)

H = Average vapor space height = 12 feet 

AT = Daily temperature change = 20°F

F = Paint factor = 1.39 for alxominiom (Table 4.3-2, AP-42)
P
C = Adjustment factor for small tanks =0.97 (Figure 4.3-10, 

AP-42)

K = Crude oil factor = 1 (AP-42, page 43.6)
c

Therefore Lg = .617 #/day per tank

2. Working losses
L = 2.40 X 10'^ M P K K

n c

Where
L = Working losses, #/1000 gal throughput 

w
M = Mole wt = 130 #/# mole (Table 4.3-1, AP-42)
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P = Vapor pressure = .0041 psia (Table 4.3-1, AP-42)

K^2 = Turnover factor = 1.0 (Figure 4.3-11, AP-42)

K = Crude oil factor = 1.0 (non-crude oil) 
c

Therefore = 0.01279 #/1000 gal throughput and working 

losses = (0.01279 #71000 gal)(42,000 gal/yr)*

= 0.5 #/yr per tank

Estimated Total Losses for three tanks

Losses = 3 (Breathing losses + Working losses) 

Losses = 3 [(.617 #/day)(365 day/yr) +0.5 #/yr] 

= 3 (225.3 #/yr + 0.5 #/yr)

677 #/yr 

0.34 Ton/yr.

^Assumed since fuel oil will be used only in emergencies.
NOTE: The tank dimensions assumed are typical and conservative,

Actual tankage may have a smaller diameter.
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EMISSIONS INVENTORY



0
1
M

HAP II)
*
*

ACC
ACT
ACT
FS-l
rs-i
FS-2
FS-2
FS-l
FS-l
AFC
*
*

CC-I
CC-1
CPS
CPS

*
*
*
*
*

(:c-2
cc-2

*
FC

A

CC-I
CC-l
cc-2
cc-2

. CC-l 
cc-l_ . CPs'"

SOURCE ID 
AflCO P-337 
AHCO P-337 
ARCO P-33Q 
ARCQ P-136 
ARCO P-136 
ARCO P-I38 
ARCO P-I30 
ARCO P-38I 
ARCO P- 3BI 
ARCO P-4‘13 
ARCO P-443 
AHCO P-326 
ARCO P-324 
AHCO P-324 
sumo P-338 
SOmO P-338 
somo P-IQ3 
sumo p-iBs

UTM
east north

uu DOW P-323
DW DOM. P-325
Nl NANA P-413
HI NANA P-413

A ALV P-289
A ALV. P-289
A Al Y P-289
A AI.Y. P-289
A ALY. P-2B9

112 NANA P-423
N2 NANA P-434
VC VE P--482
VE VE P--4B2

AHCO OPB CK 
AHCO OPS CR 
somo Boc 
somo BOC 
sumo BOC 
somo P-374 
somo P-374 
DU ARPRT 
IRONTIER 
ACC
Downtown 
somo GCI 
somo GCI 
sumo CC2 
somo CC2 
somo OC3 
somo GC3 
somo CPS

449. 3 
449. S
448. 4
449. 3 
449. 3 
446.
446. 
449. 3 
449. 3 
440. 7 
440. 7 
443. 7 
443. 7
443. 7 
433. a 
433. 8 
437 5 
437. 3
447. 9 
447. 9 
447. 3 
447. 3 
439. 
439. 
439. 
439. 
439.
444. 4 
444. 4 
446. 
446. 
449. e 
449 a 
433. a 
433. a
433. a 
430. 
430. 
443. 
443. 7 
427. 
446. 3
434. 7 
434. 7 
430. 
430. 
436 7 
436 7 
437. 3

TABLE C-1
EXISTING NON-INCl^MENT CONSUMING SOURCES

7794. 6 
7794. 6
7794.7 
7794.4 
7794.4
7793.2 
7793. 2 
7793. 3 
7793. 3
7793.7 
7793. 7 
7802. 2 
7802. 2
7802. 2 
7799. 3 
7799. 3 
7797. 2 
7797. 2 
7792. 
7792. 
7791. 
7791. 
7796. 
7796. 
7796. 
7796.
7796. 
7789. 4 
7789. 4
7791.6 
7791. 6
7794.6 
7794.6 
7799 3
7799.3 
7799. 3
7803. 3 
7003. 3 
7789. 
7791.2
7801.8 
7791. 2 
7801. 
7801. 
7801.8 
7801.a 
7798 3 
7798 3
7797. 2

PART.

Annnal
O. 434
0. 03 
2. 7
1. 33
0. 04 
14. 8
2. 98 
14. 8 
2. 98 
14. 8 
2. 98 
0 378 
164.
1. 33 
O. 037
0. 13 
109. 2 
20. 31
1. 23
0. 070 
0 76

.38 
23. 1
1. 04
1. 36 
O O 
0. 062 
9. 66

. 04 
7. OO 
0. 193 
0. 26 
O. 08 
0. 063 
0. 003 

. 2 
0. 03 
0. 106 
13. 67 
7. 83 
2 61 
13. 06
2. 83 
0. 38 
2 83 
0. 38 
2 83 
0. 38 
0. 28

SOi
Sliort Ter« */<•

. 001 
. 001 

. 007 

. 00 
113 

. 021 

. 00 

. 021 
. . 00 

021 
. 00 
. 00 
239 

. 004 

. 063 

. 064 
138 

. 029 

. 039 
16
63 

.32
. 036 

001 
. 004 
014 

. 01
64 
113

. 47 

. 053 

. 431 

.038 

. 034 

. 052 

. 33 
. 047 
. 034 
. 14 

52 
17 
87 
009 
0009 
009
0009 
009 
0009 
0009

1 1.

Sliort
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TABLE C-2

INCREMENT CONSUMING SOURCES IN THE UNIT OPERATORS' 1978 PSD APPLICATION

o
N>

SOj PART. CO NHIIC
UlM Shore Slioct Short Short

MAP U> EAST NOKTII Annual Ter» Term Annual Term Te rm IIS TS DS VS
g/a g/a g/a g/a g/a g/a (-) (•k) (») (m/aec)

ARCO CCP 
ARCO FS f. 
SOHIQ CPP 
SOHIO GC2
snmo GC3

1

-143 7 
449 3 
437. 5 
430. 
436. 7

7802. 2 
7793. 3
7797. 2 
7801. 8
7798. 3

41. 19
37. 18
74. 16
35 33
17 66

06
04
106
032
029

1. 375 
. 92

2. 31
1. 2

. 6

1.3950
0 9200
2. 5100
1 2000
0 6000

1 1 45
7 54 

20. 62
9 80
4 90

4. 19
2 76
7. 33
3. 38
1. 79

26. 8 
26. 8 
16. 7 
16. 7
16 7

735.
753.
735.
733.
753.

2 43 
2. 43
2 8
2 69
2 69

50 6 
50. 6 
42. 
60. 
33.



TABLE C-3

PROPOSED NEW SOURCES*

o
OJ

HAP in

CC-l 
GC-1 
OC-l 
CC-1 
OC-l 
OC-l 
OC-2 
GC-2 
OC-2 
GC-2 
OC-2 
OC-2 
GC-2 
GC-3 
CC-3 
GC-3 
OC-3 
OC -3 
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DRILL PAD E 
DRILL PAD F 
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430. 
430.
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8
B
B
3
5
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1.04 
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3.05 
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0.12
5.20 
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67.20
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APPENDIX D
/

Steady-state Gaussian dispersion models developed by 

the Environmental Protection Agency and applicable for flat 

terrain conditions were employed in the air quality impact analy
ses of this study. In the application of all models, an infinite 

half-life for all pollutants was assumed. In addition, it was 

assumed that all oxides of nitrogen were emitted as NO2. The 

plume rise algorithms of three of the models used (TCM, CRSTER, 
and RAM) were modified to treat turbine plimae rise during stable 

and neutral conditions, and the RAM model was altered to accoimt 
for the effects of building-induced wake downwash of plumes. The 

CRSTER preprocessor mixing height and sunrise/sunset algorithms 

were also modified. All basic models used in this study are 

included in the list of EPA-recommended models found in the EPA 

Guidelines on Air Quality Models (EPA, 1978).

Texas Climatological Model (TCM)

All annual modeling was performed using the Texas 

Climatological Model (TCM). The TCM is a climatological model 
that predicts long-term arithmetic mean concentrations of non
reactive pollutants from point and area sources (Christiansen 

and Porter, 1976).

The TCM uses meteorological data in the form of a 576- 

entry meteorological joint frequency function of wind speed, 
wind direction and stability class. It uses the Gaussian plume 

hypothesis for dealing with elevated point sources. Briggs' 
plume rise formulas and exponential pollutant decay are incor
porated in the model.

The following types of data are input into the TCM.
The first type is the control parameters including grid size.
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location, and spacing, mean ambient temperature, decay half- 

lives of the pollutants, and output options. The second type 

of data is the meteorological data. A meteorological joint 

frequency distribution of wind speed, wind direction, and 

stability class is input from cards or disk file storage. The 

third type of data is the point source data file including 

source location, stack diameter and height, exit gas temperature 

and velocity, and pollutant emission rate.

TCM output includes a listing of all point source in
put data plus a rectangular array of predicted concentrations, 
in micrograms per cubic meter (ug/m^). Optional output includes 

a listing of each receptor in the grid with the calculated con
centration in yg/m^. A culpability option can be specified.
This produces a listing of the five highest contributors to 

the concentration (by percent concentration) at each grid point.

Although very similar to the EPA-developed Climatolo
gical Dispersion Model (CDM) (Busse and Zimmerman, 1973), the 

TEC as applied to point sources differs from the CDM in several 
areas. In the development of the TCM, a separate program was 

run which solved the Gaussian plume equation for many combina
tions of effective source height and downwind distance in each 

stability class. The results are incorporated into the TCM as 

a table of coefficients. For each source-receptor configuration, 

the TCM interpolates in the table instead of solving the Gaussian 

plume equation explicitly.

Another difference between the models is that with the 

TCM and average wind speed independent of wind direction is 

calculated for each stability class. Within a stability class, 

the spread in wind speed is typically small, and wind speed is 

a weak fmction of wind direction, so the simplification seems 

justified.
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Also the TCM allows for the use of stable Pasquill- 

Gifford dispersion coefficients during periods identified as 
stable (E+F) by the meteorological joint frequency function. 

This differs from the CDM, an urban model, which uses the 

neutral Pasquill-Gifford dispersion coefficients for both 

neutral (D day and D night) and stable (E+F) conditions to 

account for the absence of stable conditions in the nightime 

urban boxandary layer. For this reason, the TCM, rather than 

the CDM was selected for use in modeling sources at Prudhoe 

Bay, an essentially rural area.

Modifications to the plume rise calculation algorithm 

in TCM, made especially for this study are discussed in a 

later section of this appendix.

PTMAX

The EPA-developed PTMAX model was used to perform 

an initial screening analysis of CO emissions to determine if 

additional short-term dispersion modeling analyses were required 

for this pollutant. PTMAX is a short-term Gaussian model 
designed to predict maximum concentrations as a function of wind 

speed and stability for point sources located in flat terrain 

areas.

A separate analysis is made for each individual stack. 
Input to the program consists of ambient air temperature, and 

characteristics of the source, such as emission rate, physical 
stack height, and stack gas temperature. Either the stack gas 

volume flow or both the stack gas velocity and inside diameter 

at the top are also required. Outputs of the program consist 

of effective height of emission, maximum ground level concen
tration, and distance of maximum concentration for each condi
tion of stability and wind speed.
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PTMAX determines for each wind speed and stability 

the final plume rise using methods suggested by Briggs. This 

plume rise is added to the physical stack height to determine 

the effective height of emission. The effective height is used 

to determine both the maximiim concentration and the distance to 

maximum concentration. The Pasquill-Gifford horizontal and 

vertical dispersion coefficients are incorporated into the 

model.

CRSTER

The EPA Single-Source (CRSTER) Model was used to per
form initial short-term (3 hour and 24 hour) dispersion analyses 

for emissions of particulates and hydrocarbons. The results of 

these analyses were used in selecting worst-case dispersion 

conditions to be examined in more detailed multi-source disper
sion analyses.

CRSTER can examine the impact of up to 19 stacks 

collocated at a single point for averaging periods ranging 

from 1-hour to 24-hours. The model is applicable to both urban 

and rural conditions as well as for flat or uneven terrain. 

Maximum and second highest concentrations for different down
wind directions and different radial distances from the col
located sources are displayed in the CRSTER output. The dates 

and hours of occurrences of these maximum concentrations are 

also presented. Because of these output features as well as 

the relatively low cost associated with examining long periods 

of meteorological data (1 year in this study) CRSTER xcas selec
ted for initial short-term modeling.
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Briggs' final plume rise formulas (Briggs, 1969) and 

Pasquill-Gifford dispersion coefficients as reported by Turner 

are incorporated into the model. Meteorological inputs to CRSTER 

consist of hourly values of X7ind speed, wind direction, mixing 

height and stability class, prepared by a special pre-processor 

program. This program requires as input hourly surface meteoro
logical observations and twice-daily mixing heights available 

from the National Climatic Center. Other inputs to CRSTER 

include pollutant emission rates (for a single pollutant only), 

stack height and diameter, stack exit velocity and temperature 

and 5 receptor ring distances (ERA, 1977).

Modifications to the plume rise calculation algorithms 

in CRSTER and modifications to the mixing depth and sunrise/ 

sunset algorithms in the CRSTER preprocessor were made especially 

for this study. These-changes are discussed in a later section 

of this appendix and in Appendix E.

RAM

The ERA RAM model was used to perform detailed short
term dispersion analyses for emissions of particulates and 

hydrocarbons. 3-hour and 24-hour meteorological conditions 

identified as potentially worst-case from the CRSTER outputs 

were input to RAM to determine impacts on the short-term NAAQS.

In addition, RAM was modified to predict the effects 

of building wake downwash of plumes from non-collocated sources. 
RAM is a multiple source model capable of predicting maximum 

impacts within a honeycomb receptor grid for flat terrain or 

gently rolling terrain and for rural or urban conditions.
Because of its capability to predict maximum interactive im^pacts 

resulting from multiple, non-collocated soxirce emissions, the
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RAM (r-ural) model was selected for detailed short-term analyses 

in this study.

RAM accepts the same meteorological inputs as CRSTER. 
However, for this study, several individual 3-hour and 24-hour 

periods, as opposed to a complete year or more of data, were 

input to RAM. Emissions and stack parameters required by RAM 

are identical to those input to CRSTER.

Briggs' initial and final plime rise formulas are 

incorporated into RAM. In addition the RAM plume rise formulas 

accomt for the phenomenon of stack downwash, a feature not 

included in CRSTER. Pasquill-Gifford dispersion coefficients 

as reported by Turner are used in the rural version of RAM 

(Turner and Novak, 1978).
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Modification of Plume Rise Calculations for Gas
Turbines

EPA Region X has recommended that the standard plume 

rise calculated by the Briggs' Formulation (Briggs, 1969) be 

modified for predicting plume rise by gas turbines. This 

recommendation is based primarily upon a journal article by 

England et al., (England, 1976) describing a series of measure
ments of the plume rise from a single gas turbine facility.
Region X recommends that gas turbine exhaust plume rise is best 
described by using 7/10 of the value predicted by Briggs' for
mula for unstable and neutral atmospheric conditions.

In accordance with this recommendation. Radian modi
fied the plume rise algorithms in the RAlM, CRSTER, and TCM 

dispersion models. Those modifications resulted in 7/10 Briggs' 
plume rise being calculated when determining the plume rise 

from the proposed gas turbines. Listings of the FORTRAN code 

for the modifications to RAM, CRSTER, and TCM are given in 

Tables D-1, D-2, and D-3, respectively, included at the end of 

this section. The new or changed lines of code are identified 

in these tables.

The 7/10 Briggs' plume rise approach is often supported 

by those who favor its use based on the following information:

• The research by England et al., directly measured 

the plume rise for a gas turbine facility.
Briggs' method, however, is based upon data from 

numerous different types of sources. As such, 
Briggs' method may be the best over all predictor 

of plume rise, but it is not necessarily the best 
in every situation. Thus, a source specific
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method is preferable to a generalized formula 

applicable over a wide range of source types.

• The use of 7/10 Briggs' plume rise is conserva
tive. The groimd level concentration produced 

by a source is an inverse function of the 

effective stack height. As a result the lower 

the effective stack height is, the higher the 

ground level concentration is, in most situa
tions. Thus, by use of a method predicting 

lower plume rises, the predicted groxmd level 
concentrations are conservative, when compared 

to those concentrations predicted using full 

Briggs' plume rise.

There are several important reasons not to use the 

7/10 Briggs' plume rise but rather, full Briggs' plume rise.

• The England et al., article describes only a 

single facility where plume rise was measured 

in only a limited n^Imber of situations. As 

such, it is difficult to determine whether some 

\mique factor specific to the gas turbine faci
lity tested was responsible for the lower plume 

rise observed compared to Briggs' plume rise. 

Additional studies are needed to clarify the 

effect of source and site-specific factors 

affecting plume rise from gas turbines.

• The plume rises measured in the study occurred 

under neutral and stable atmospheric conditions 

only. Region X recommends using 7/10 Briggs' 
plume rise for both neutral and unstable condi
tions. However, plume rise was not observed 

under unstable conditions. There thus appears
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to be no justification for using 7/10 Briggs' 
plume rise for unstable atmospheric conditions. 

Again, further studies are needed to assess gas 

turbine plume rise under unstable atmospheric 

conditions.

• The England paper reported pliime rise imder 

stable conditions of almost double that predic
ted by Briggs' formulas. Region X, though, recom
mends that Briggs' plume rise be used for stable 

atmospheric conditions. Even though this is a 

conservative approach because the lower predicted 

plume rise is used under stable conditions, it 

does appear to be contradictory. If one part of 

the England study is valid, all parts should be 

equally valid.

• The EPA has issued no official policy statement 
concerning pltime rise, from gas turbines. The 

lack of this policy statement probably shows that 

there still exists technical debate over pliime 

rise from gas turbines.

Until the time that the EPA does issue a policy state
ment, the Unit Operators feel that the standardized Briggs' 
plume rise should be used for gas turbines. However, in the 

interest of ensuring processing of the PSD application, the 

Unit Operators agree and used 7/10 Briggs' plume rise when 

modeling these gas turbines. This in no way implies that the Unit 

Operators approve or support of this modification to Briggs' plume 

rise, for use in modeling gas turbines at Prudhoe Bay.
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Downwash Analysis Methods

At the request of EPA Region X downwash analyses were 

performed, although the PSD regulations do not clearly indicate 

the need for downwash analyses in this study.

The RAM model was modified to include plume downwash 

caused by turbulence in the wake of nearby buildings. Plume 

entrainment due to wake turbulence can cause significantly 

higher ground level concentrations immediately downwind of the 

buildings than if there were no nearby buildings present.

A mathematical model for predicting the enhanced 

plume dispersion in a building's wake has been developed by 

Huber (1979). This technique provides a method for calculating 

enhanced horizontal and vertical dispersion coefficients which 

can be incorporated into standard Gaussian disperion models.
The technique is based on the following mathematical equations;

Oy =0.7 H^/2 + 0.067 (X-3Hb) ; if 3 < X < 10 Hb

and
cTy (X + Sy) ; if X > 10

a 2 = 0.7 +0.067 (X-3Hb); if 3 Hb < X < 10 Hb

= 07 (X + S„); if X > 10 H,

where;
Hw
Hb
X
S

CT ScO-y Z

width of influential building normal to wind 

height of highest influential building 

downwind distance from building edge 

the virtual source distance such that: 

a^. (10 H^ + S^) = 0.7 H,y2 to 5 H^ 

the virtual source distance such that:
0^ (10 H^ + S^) = 1.2 H.^
the values of the horizontal and vertical 
dispersion parameters in the absence of building 

influences.
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This method only allows concentrations to be calcu
lated at receptors 3 Hb or greater from the building.

Two subprograms of the EPA RAM model were modified 

and a third was added to accommodate Huber's downwash algorithm. 

The main program was changed so the building size dimensions, 
and could be input. The subroutine PGSYSZ, which calcu

lates a andCT™ for the rural version of RAM, calls the new sub- 7 Z
routine DOWAZY. This new routine calculates the virtual dis
tances and for the six stability classes. These distances 

are calculated by using the inverses of the expressions RAM
uses to calculate a and The virttial distances are theny Z
added to the original distances in PGSYSG to calculate the 

enhanced dispersion coefficients and

Simplified flow charts of the algorithm are illustra
ted in Figures D-1 and D-2. Following these figures are com
puter listings of SUBROUTINE DOWAZY and modifications to the 

RAM SUBROUTINE PGSYSZ (Tables D-4 and D-5) .
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ENTER

SIGMAY
SIGMAY

0.7 Hw/2 + 0.5 

1.2

CHECK STABILITY TO DETERMINE 

WHICH SET OF EQUATIONS TO USE 

FOR CALCULATING Sy AND Sx

Sy = f (SIGMAY, Stability) 

Sx = f (SIGMAZ, Stability)

If Sy > 100; SY 

If Sx > 100; Sx
100
100

Sy = Sy - 10 H^
Sx = Sx - 10 H^ 

If Sy < 0; Sy = 
If Sx <0; Sx = 
RETURN

0
0

Figure D-1. Subroutine DOWAZY
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ENTER SUBROUTINE PGSYSZ

X > 10
I

i NO

YES-

ia'y = .35 Hw + .067 (X - 3 H^) 
= -70 + .067 (X - 3 H^)

RETURN

i--------T

CALL DOWAZY
T

CALCULATE Sx and Sy

RETLTU^ TO PGSYSZ

X
Y

X + Sx 

Y + Sy

CONTINUE WITH ORIGINAL 

PGSYSZ

Figure D-2. Modifications to PGSYSZ
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TABLE D-1
RAI^ CODE LISTING - PLUHE RISE MODIFICATION

0003 I 007344 lOpT 0003 I 0073f,l IPOL 0004 I 013476 IPSIGS OOO3 00736T IRSIZE 0003
0002 000000 ityPe 0004 014101 lUO 0000 I 001356 J 0000 1 OOI33T K 0000 I
0004 I 014072 kSt 0003 007332 Mas 0003 O073O] MPS OOO3 007372 I'AS 0002
0002 0004S7 NiD OOO2 I 0004S6 NIP 0003 I 007371 t|PT OOO3 I 007362 liRtCEP 0003
0003 007373 NSiGp OOO4 R 0141n2 PaRTc 0004 n 000226 PCHI OOO4 R 014722 pmchi 0004 R
OOO4 R 030026 PL 0003 007375 pname 0000 R 00l4l4 PROD OQO3 R 010361 psav OOO4 R
0003 OOOllO qhl 0005 OOOI4O qTEMP 0005 OOOOOO OTIIETA 0005 OOOO3O CU 0003
0003 007363 RMIN 0000 R 001360 RO 0003 R 006625 BREC noon R 00l4n6 S 0000 R
0004 R 014075 SINT 0003 007366 SMAX 0003 007365 SMIN 0QO3 R 001161 SOURCE 0000 R
OOO3 n 007053 sRec 0000 R 001412 SY 0000 R OOI4I3 sz 0004 R 014074 TEMP 0000 R
OOOh OI4O7O tHeTa 0000 n 001367 TUT 0000 R 001373 TS 0000 R 001415 TY 0004 R
0003 006623 UNlls 0000 R 000000 UPH 0000 R 001370 UPL 0000 R 001371 VS 0000 R
0000 R 001362 XUUH 0000 R 001363 Y 0000 R O0I363 YOUM

oolol 1* subroutine JHIIPtR (tlSAViPSAVtZiTLOS«LH| PTKOOIO 00000
00101 2* C the purpose of this ROUTlNt IS TO CALCULATE CONCENTrATiOHS FR0»< PTROO2O OOOOO
OOlOl 5* C POINT SOURCES, PTROO3O 00000
OOlOl 4* C INPUT variables ARE.*. PTROOHO OOOOO
oolol 5* C HSAv- An array OF EFFECTIVE HeIOHIS FOR POINT SOuRCrS<METERsI PTH0050 OOOOO
00101 6* C OSAV-AN ARRAY OF DISTANCES TO FInAl RISE(K(1) PTROOeO OOOOO
oolol 7* C Z- RECEPTOR HEIGHT, PTROO7O OOOOO
00101 a* C TLOS- PARTIlAL COMPUTATION RElAIED To POLLUTANT LOSs. PTKOO6O OOOOO
00101 9* C IDAtE- year and JULIAN DAy(1N COnMON/METDAT/> pTROOgO OOOoO
OOlOl 10* C LH- HOUR PTROIOO OOOOO
00103 11* common /SORC/ In(25.25)iSOURCE(9,?50).aSoRCIG,1001.units.COnTWO.’RR pTROllO OOOOO
00103 12* 1EC(1501,SREC(15n).MPS«2*).MAS(IO),lOPT(13).IPOL.NRECEP.RMIN.RMAv.S PtR0120 OOOOO
00103 13* 2MlN,SMAx.IRSl2E.ISSIZE.N'Pt.NAS.NsiGP,NslcA,PNA'1E<2.230).PSAV(25n) PTR0130 OOOoO
00104 14* common /METCON/ ACHK150I.PCHK150).ASlGSd50.nl.PSiGSilSO.26).'IA PTH0140 OOOOO
00104 15* lSlGs(1001.IPSIGS(250).THF1 A.U.KST,ML,Temp.SINT.COST,BPH(2) .IWO.pAR PTR0150 OOOOO
00104 16* PTCl250l,AMCHHl50),PHCMm501,AMSIGS(l50,ll).PMSlGSd50.26l.PL(rJ PTROIGO OOOOO
00105 17* common /METDAI/ QTHETA(^^),0U(2^),IKsT^2^),0HL(24).QTEMp(24),IDA^E PTR0170 OOOOO
00105 16* ,ll2) pTKOiao OOOOO
OClOG 19* ’ common ITYPEIlSol.ICOULdbnl.IN.IO.NIP.NlO.NAVG PTR0190 DOCOO
00107 20* dimension HSAVINPT), OSAVI250), UpH(25o), I|PR(250I. FP<?50) PlRn200 OOOOO
00107 21* C*** PTR0210 OOOOO
00107 22* C*** PTR0220 OOOOO
00107 23* C***ZERO EFEECTIVE STACK HEIGHT FOR EACH SOURCE PTROiiSO OOOOO
00107 24* C*** PIR0240 OOOOO
OOllO 25* DO lO J=1,NPT . PTR0250 OOOOO
00113 26* lO hSAvIJIsO.O PTR0260 00001
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TABLE D-1 (Continued)
00113 27* C***LOOP ON RECFPTORS,** PTR0270 00001*
OOllS 20* 00 120 K=1.NKECEP PTR0260 onool*
00115 2y* c*** PTH0290 onnoi*
OOllS 30* C***CaLCUlATE CONCENThATIONS rnort POINT SOljHcEs*** PTR0300 OOOOl'
00115 31* c*** LOOP ON point sources PIR0310 00001<
OOllS 32* c*** PTR0320 onooi'
O0I2O 33* DO 110 J=1|NPT PTR0350 00002!
00123 34* PARtCU)=0,0 r TR0340 00003:
00124 35* RQ=SOURcE«liJ» PTR0350 00003*
00125 36* SQ = S0URr.E<2, J) PTR0360 000031
00125 37* C***OFIERmINE upwind nISTANCE PTR0370 000031
00125 SO* C***xrui'1. yDUM in INTEpNAL units. in km. PTR0360 000031
00126 39* XDUm=RO-PREC(K> PTR0390 00004*
00127 40* YUU,'1 = S0-SREC (K » PTR0400 00004:
O0I3O 41* X=1 YOUM^COST + XDiifUSINT) *cONTWO PTR0410 00004*
00130 42* c*** X IS THE UPWINO nISTAMCE OF THE SoHRcE FpOM THE RECEpTOii, FTR0H20 00004*
00130 43* C***IF X IS NEGATIVE. INDICATING THAT T|tE SOuRCE Is OoWNWInO oF PTR0430 00004*
O0I3O 44* c***THE Receptor, the calcuiaiion is terminated assuming no PTR0440 00004*
OOI3O 45* C***C0NTRIDUTI0N FROM THAT SOURCE. PTR0450 00004*
00131 46* IF IX.Le.O.O) Go TO llO PTR0460 00005
00131 47* c*** PTR0470 00005
00131 46* C***DrTtRnIME CROSSWImD DISTANCE PTI'0480 00005
00131 49* c*** PTR0490 00005
OOI33 50* Y=(YnUM*SINT-XOiin*COST» *C0N1W0 PTR0500 00005
OOI34 51* HF=hSAV(j> PTR0510 00006.
OUI34 52* C***SKIP PLUME RISE Calculation if effective height has alreahy been PTK0520 00006.
00134 53* c*** calculated for this source PTR0530 00006
OOI35 54* IF ihf.gt.o.o) go To og PTR0540 00006'
00135 55* c*** modify Wind speed by pouir law profile in order to take into PTR0550 00006'
00135 56* C***ACCOUnT the increase of Wlf.D SPEED WITH HEtGHI. PTR0560 00006'
00135 57* C***ASSUME WlfiD HEASUhEmEnTS ARE REPRESENTATIVE FOR A 10 METE« HEIGHT.' nR0570 00006'
00137 56* THT=SOUrcE(5.J) PTR0580 00006'
00137 59* C»**POlNT source height NOT AllOkED TO l>E l^SS THAN 1 METEr. FTR0590 00006'
OOI4O 60* IF (ThT.LT.I.) tHT=1. ptRogoo 00007
OOI42 61* UPL=U* ( tHT/10. )**PUKST) PTR0610 00007
00142 62* C***’wiN0 speed not ALi OWED TO PE LESS THAN 1 MfTER/sEC. PIR0620 00007
00143 63* IF (UpL.LT.l.I UPL=1, PTR0630 00011
ooms 64* UPH(J)=UPL PTR0640 OOO12
001M6 65* VS=S0URCE(6,J» PTK0650 00012
00147 66* BUOy=SOuPCE(9»Ji PTK0660 00012
OOlsO 67* TS=S0URCE«6.J» PTR0b70 00012
OOI5I 66* oelt=ts-temp PTR0600 00013
00152 69* f=buoy*delt/ts PTR0690 00013
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TABLE D-1 (Continued)

00152 70* C*** I0PTU3I HOURLY rMISSlON INPUT FROM lAf’E/OlSh? 0=NO, 1 = yES.
00153 71* IF (IOPtC131,EO;0) GO TC 20
00153 72* C***Mr>DIEY f XiT VF.LOCiTY AUD ptiOVANCY UY PaTiO OF HOJI LY EMISSIONS
00153 73* C*«*IO average EHlSSInNS
00155 7M» SCALE=SnURCE(lPnLiJ)/RSAV«J»
00156 75* VS=vS4SCALE
00157 76* F=F*SCAlE
00160 77* 20 0=SoURCE«7iJ)
OoIgO 76* C***CALCUlATE H PRIHr WHICH TAKES INTO ACcOuNT STACK DOWNWASh
00160 79* C***BrIGGsU973) PAGE 9
00161 00* HPRM=THT
00162 61* DUH=VS/|)PL
00163 82* IF (OUH.lt.1.5) HPRM=THT+2.*0*(DU(1-1.5)
00165 63* IF (HPRH.LT.O.) HPRH=0.
00165 60* C***
00165 85* C***CALCUlATE PlUHE RfSE ANU AfiP H PRIME To OBtAIN EFFECTIVE
00165 66* C***STACK HEIGHT.
00165 67* C***
00165 08* C»**P|.UME RISE CALCULATION
00167 69* test = VS*TS
00170 90* 33o FORMAT) loX, / i
00171 9l* 33i FORMAT) lOX. 15. 3F10.1 )
00172 92* IF (KST.GT.m Gn TO OO '
aol72 93* C***PlUME RISE FOR UNSTABLE COMOHIONS
00170 91* IF (TS.LT.TEMP) GO TO 50
00176 95* IF (F.Ge.55.) Gn TO 30
00176 96* C***OrTERMlNE OFLTA-T FOR nUtJYANCY-HOHEfjTUM CROSSOVER (F<55)
00176 97* C***F0UN0 BY EQUATING BRIGGS)1a69) EO 5.2. PAGE 59 WITH COmBIijATION Or
00176 96* C***BplGGs(197l ) EQUATIONS G a) 0 7, PAGE lo3l FOR F<55.
00200 99* DTMq=0,0297*TS*\/S**0.33333/U**0.66667
00201 100* IF (OELT.lt.DTMn) GO To 50
00201 101* C***0ISTANCE OF FINAL BUOYANT R1SE(0.0^9 IS 14*3.5/1000)
00201 102* C***nRlGGs( 1971 ) equation 7.F<55. AIIO OIST TO FlNAl RISE IS 3.'5 XSTAR
00203 103* DlSTF = 0.0‘l9»F**n.625
00203 104* C***CoMBInATION OF 0niGGS(l971) EOUATlOliS 6 AND 7. PACE IO3I pOR F<55.'
00204 105* ’ HF=hPHH+21.425*f**0.75/UPL
00205 106* print 331. KST. HPRM. )1F
00212 107* test .GT. 1?500. ) HF = (HF-MpRM(*0.7O * HPRM
00214 100* print 331, KST, HPRM. HF. TEST
00222 109* GO TO 70
00222 llO* C***nFTERMlNE PELTA-T FOR RUOYANCT-MOMEmTUm CROSSOVER(F>55)
00222 111* C***FOUNO BY EQUATING ilR I GGS (19t,g) eq 5.2, I’AGe 59 >IITH COmBImATION Or
002?2 112* C*** PRIGgS(1971) EQUATIONS 6 AND 7, PACE IO3I FoP F>55,

rTH0700 00013
PIKO MO 00013
PTP0720 00013
PTFO/30 00013
riP0740 00013
PTR0750 00014
PTR0760 00014'
PTP077Q 00015
PTP0760 00015
PTR0790 00015
ptroooo 00015
PTR0810 00015
PTP0620 00015.
PTP083O 00017
PTP0840 0001 7
PTK0050 00017
PTP0660 00017
PTRO67O 00017
pTHoeeo 00017

PTR0890

NEW0P017
NEW00020
NEW00020

OOO2O
PTP0900 00020
PTH0910 OOO2O
PTP0920 00021
PTR0930 00021
PTP0940 00021
PIK0950 00021
PTR0960 00021
PTR0970 00023
PTPOVfiO 00023
PTP0990 00023
PTRIOOO 00023
ptkioio 00023
PTR1020 00024

PTP1030
pthiomo
PT«l050
PTK1060

NEW00025
NEW
NEW00027
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00223 113*
00224 114*
00224 115*
00224 116*
00226 117*
OnZPG lie*
00227 119*
00230 120*
00235 121*
00237 122*
00245 123*
00247 124*
00247 1254
00250 126*
00251 127*
00253 126*
00254 129*
00254 130*
00254 131*
00254 132*
00256 133*
00257 134*
00257 135*
00257 136*
00257 137*
00261 130*
00261 139*
00262 140*
00263 141*
00263 142*
00263 143*
00263 144*
00263 145*
00264 146*
00265 147*
00266 146*
00266 149*
00267 150*
00267 151*
00270 152*
00271 153*
00273 154*
00274 155*

(HF-HPRHJ*0.70 + HPRM 
TtST

TABLE D-1 (Continued)

30 dTMqsO.00575*TS♦VS♦♦0.6(667/0»*0.33333
IP (OELT.l-T.OTMnI GO TO ‘jO

C'»**DISTAnCE of FIi\|AL buoyant nist (0.1I9 is 3M*3.b/1000l 
C***RrilGGs|T97H EQUAtION 7« F>55* AND BIST TO FINAL RISE IS ^.5 XSTAo, 

DISTF=0.il9*F*+n.1
C***C0MDInAT10N of BRTGGS(l97n EOUATlOijS 6 ANB 7. PAGE 103l FOR F>55.'

MF=HPR'U3fl.71*F**0,6/Or L 
print 331, KST, MPRHi HF 
IF( TEST ,GT. IpSOO. » HF 
print 331, KST, HPRH, |IF, 
print 330 
GO TO 70

C***P|UHE RISF FOR STaBLE CONDITIONS.
40 OTHoZ=0.02

IF (KST.GI.5) OtHDZ=0.035 
S=9.a0616*nTHOZ>TEHP 
IF (TS.IT.TEMPI GO TO 60

C***DETER«INE DELTA-T for PUoYANCT-MOMFijTUm CROSSOVE(USTAHlE)
C»**FOUNO BY FOUATING BnlGGS»l97bl (Q 59« PAGE 96 FOR STABLE BUOYANCY 
C***RISE WITH DRIGGS{;969) EQ 4.20, PAGf bg FOR STABLE HOMENTiiH RISE. 

OTHa=0.019502»TrMP*VS*SCRl(SI 
IF (DELT.LT.DTMnl GO TO 60

C***STABLE buoyant RIrE for wind CONDITIONS.(Winn NOT allowed low 
C*»*ENOUGh in bam TO rEQUIBL stable RISE IN CALM CONDITIONS.! 
C***BpIGGs(I975I EQ 5q, PAGE 96.

HF=HPnn,2.6*(F/|UPL*SI14*0.333333 
C»**C0MBInATI0N of BRt6GS(197E| EU 46 AfgD EQ 59. 

0IStF=0,0020715*UPL/S0RT(SI 
GO to 7o

C***ONSTAdLE-NFUTRAL momentum rise

NOTE OISTF Iw KM.

PAGE 59 NOTE! MOST ACCURATE WHfN VS/U>,7 I 
WHEN VS/u<4 (see BRIGGS(1975I pAGE 76,

C***BRIGGs(1969I EQUATION 5.2,
C**»TEN0S TO overestimate RISE 
C*** figure 4.1 
50 HF=HPRM*3.*VS*D/UPL

distf=o.
60 TO 70

c4'**stable momentum RtSE 
60 DHA=3,*VS*D/UPL
C***BRIGGs(1969I EQUAtION 4.26, PAGE 59

DELHF=1.5*(VS4Vs*n*0*TEMp/(4.*TS*ijPL)I♦*o.333333/S**o.It6667
IF (DHA.LT.DELHfI OELHFeDHA
HF=mPRH*DEU1F
DIStF=0,

PTI'1070 0002
pthiooo 0003
PTR1090 0003
PlHllOO 0003
pthuio 0003
PIR1120 0003
PTH1130 0003:

NEW0003
MEW

PTH1140
PTH1150

HEWOOO3:
NEW

PTH1160 00031
PTK1170 00031
PTR1160 00031
PTR1190 0003'
PTR1200 OOO3:
PTR1210 0003'.
PTK1220 0003i
PTR1230 0003'.
PT«1240 00041
PTR1250 00041
PIH1260 00041
PTR1270 OOO14]
rTHl280 00041
PIH1290 0004]
PTR1300 00042
PTR1310 00041
PTK1320 OOO4J
PTR1330 00041
PTK1340 00041
P1K1350 OOO43
rTt<1360 00044
FTK1370 00044
PIKliOO Co 04 4
PTK1390 00044
PTR1400 00045
PTH1410 00045
PTH1420 00045
PTKl‘t30 00050
FTK1440 00051
FTK1450 00051



TABLE D-1 (Continued)

0
1
M
OO

00271
00271
00275
00276
00277
00300
00301 
00301
00301
00302 
00302 
00301 
00305 
00305 
00305 
00307 
003l0
00310
00311
00311
00312
00312
00313
00311
00315
00316 
00316
00320
00321
00322
00323 
00321 
00325 
00325 
00325 
00327 
00327 
00331
00312 
003l2 
00311 
00311 
00315

156*
157*
150*
159*
160*
161*
162*
163*
161*
165*
166*
167*
160*
169*
170*
171*
172*
173*
171*
175*
176*
177*
170*
179*
100*
101*
102*
103*
101*
105*
106*
107*
106*
109*
190*
191*
192*
193*
191*
195*
196*
197*
190*

C***stORE off PLUHE HeI6HT(ETC.» Eon THIS SOURCE FOR USE WITH pTl<H60 000511
C***OTHER RECrPTOnS. PTRH70 000511
70 HSAvIJ)=(iF PTK110O 000516

DSAv/I J)=OIStF PTR1'<90 000517
UPH(J)=UPL PTR1500 000521
HPR(J)=HPRH PTRlblO 000523
FP(J)=F • PTR1520 000525

C***IF SOuRCE-RECEPTOr DISTANCE IS GREATER Or fOuAl IP DIStANrE TO FITiAL PT'UbSO 000525
C***SKlP PLUME RISE CALCULATION AND USE FINAL RISE. PTRlblO 000525
00 IF (X.GE.DSAVIJi) GO To 90 PTR1550 000530
C***P|UME rise for distance XI160 IS 1.6*1oOo**.67 BECAUSE X tN KHI PTH1560 000530

HX=mPRIJI+160.*fP(J|**0.333333*X*«0.666667/UPH(J) PTR1570 000533
IF (HX.LT.HF) Hf=HX PTK1500 000553

C***SUDR0UTIME DDTRCR RETURNS THE DISPFRSIqN PaHaMTERS.SY aNO SZIMETEoS) PTR1590 000553
c***ANO Relative concfntration value chi/o (sEc/m**3i ptrigoo 000553
90 UPLrUPIKj) PTH1610 000562

call DBTRCR (UPL*Z.HF«HL«X.T.KST.sV.Sit.PROn) PTR1620 000563
c***calculate travel time in kh-sec/h to Include decay rate Or pollutaNt ptRigso ooor>63

TT = X/UPl. FTRI610 000601
C***TLOS in MftERS/KM-SEC, SO Tl*»LOS IS DIMeNsIONlISS PTR1650 O0O6OI

PROO=PROO*SOURCe(IPOL*J)/EXP(TT*TlOS) PT«1660 OOO6OI
C***InCREmENT concentration at K-IH RECCPToR(G/M**3) pTI<1670 O0O6OI

PCHi(K)=PCHI(KI+PROd PTH160O 000617
PHChI)K)=PHCHI(k»+PROD PTH1690 000621
KSIg=IPSIGS(J) PTK1700 000621
IF IKSIG.EO.OI 60 To lOO PTR1710 000626

C***StORE concentrations from significant SOURCES.(G/M**3) PTR1720 000626
PSIr,S(K,KSIG)=PsIGS(K.KSIG)+PROD PIR1750 000630
PHSiGS(k.KSIG)=pHSICSIk.KS1G)+PHOO PTR1710 000636
PSlGS)K,26l=PSIr,S(K.26|TPR0D PTK1750 000611
PHSiGS(K,26)=PHsIGS(K»26)«PHOO PTK1760 000611

lOo PARtC)JlcPROO PTR1770 000650
llO CONtINUf PTH170O 000656
C***EnO Of loop for sources FTR1790 000656
C***WlilTE partial CONrENTRATIOMS ON DISkIG/M**3) , PTRIBOO 000656

'IF IlOPTlel .EQ.n) GO TO 120 PTM101O 000656
C***USER please NOTEI PARTIAl CCNC. in G/M**3, NOT MICR0GRaM/m**3 PTK1820 000656

write (NIP) IDAtE.LH.R.(PARlC(J)iJ=l.NpT) PTRi03O 000660
l20 continue PTR101O 000670
C***EPD Of loop for RfCEPTORS PTRIO50 000670

RETURN PTI<106O 000670
C PTHI07O 000670

end PTRieoo 000733
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TABLE D-2
CRSTER CODE LISTING - PLUME RISE MODIFICATION

aFOR.RS CARL.BE;h072
FOR s HR! T -08/17/79-17I0HI27 (l«l

subroutine BCH072 entry Point 000313

STORAGE USEDi CoOE«H 000427| DATAI0» OOOOtfci BLANK C0hM0n(2» 000000 

COMMON BLOCKS!

0003 FIX OOoOOl

external references fBLOcKi NAME)

OOOt
0005

NER2$
XPRR

storage assignment iBLOCKt TYPE, RElATIVE LOCATION, NAME)

0001 OOOOGS lOL 0001 000131 14L OOOl O0O0O5 2L 0001 000174 PPL 0001
0001 000214 23l OOOl 0002T6 24L 0001 .000252 27l 0001 000274 29L OOOl
0001 000302 31L 0001 000012 4L 0001 O0O022 GL 0001 000046 7L OOOl
0000 R 000003 dha 0000 000004 dyns 0003 I OOOoOO IS ooon R 0000n2 S 0000 R
0000 R 000000 XST

00101 1*
OOlOl 2*
00103 3*
00103 4*
00103 5*
00103 6*
00103 7*
00103 6*
00103 9*
00103 10*
00103 11*
00103 12*

C
C
C
C
C
C
ccC

subroutine 0EH072 (Hp.MXtHMW.F,bELHF,DlSTF,BELHX.lip,TS,VS,D,VFt PEOOOlOO 00000
1 KSt,U,X«DTHOZ,T,P» BE000200 00000

common /fix/ is 00000
BEHO72 IBRIGGS effective HEIGHT) OCTOBER 1972 • nE000300 00000

THIS DIFFERS FROM THE AUGUST 1972 VERSION In STATEMENT 24 + 1JBE000400 OOOOO
THE constant 2.4 PREVIOUSLY WAS 2.9, aNd IN STATEMENT 27: bEOOOSOO 00000
the constant 3.14159 PREVIOUSLY WAS 2.4 . BEOOObOO 00000

t). B. turner, research METEOROLOGIST* MODEL DEVELOPMENT BRANCH,Of 000700 00000
DIVISION OF METEOROLOGY* ENVIRONMENTAL PROTECTION AGENCY, DfOOOOOO OOOOO

• ROOM 314B.’ NCHS BUILDING, HTP- PhonE «9l9) 549-6411 EXT 45640E000900 00000
MAILING AOnRESS- DM, EPA, RESEARCH TRIANGLE PARK. NC 27711 reOOiOOO OOOOO

♦ On assignment from national oceanic and Atmospheric . beooiioo ooooo



TABLE D-2 (Continued)

aI
N)
O

00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00l03
00103
00103
00l03
00103
00103
OOlOS
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00103
00104 
OOlOH 
00107

13»
14*
15*
16*
17*
10*
19*
20*
21*
22*
23*
24*
25*
26*
27*
28*
29*
30*
31*
32*
33*
3m*'
35*
36*
37*
3fl*
39*
40*
41*
42*
43*
44*
45*
46*
47*
46*
49*
50*
51*
52*
53*
54*
55*

C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c

ADHlNlSTRATlOU, 01-PARTMeNT Op cOMHCRCf. OE001200
from a single source is based ON! pcooiano

this version of BRIGGS effective height To calculate plume RISFPE0014U0 
1) BRIGGS.GARY a,, 19711 some REcENT ANALYSES oF PLUME RISE DEOOlbOO 

OBSERVATION. PP l029 - 1032 IN PROCEEDINGS OF THE SECONDFE001600 
international clean air congress, EOITLO By H, H. ENGLUNBEOOITOO 
AND W. T. BtLRY. ACADEMIC PRESS. NEW YORK, BEOOieOO

21 BRIGGS; GARY A.,1972! DISCUsSiON 0.1 CHIMNEY PLUMES IN pE00i900 
NEUTRJL and stable surroundings. AtMOS. environ. 6. 507 PE002000 
- 510. (JUL 72).

OUTPUT variables Are...
Hf FINflL EFFECTIVE PLUME HEIGHT (METERS)
Hx effective plume height For Distance x (meters)
HmW HEAt output of source (MW)
F buoyancy Flux (M**4/sec**3>
DELHF FIN;l plume rise (METERS)
DISTF distance OF FINAL PLUmE RIsE FROm SOURCE (KM)
OELHX PLUmE RISE aT DISTANCE X (MEtERS)

INPUT variables ARE...
Hp PHYSICAL stack HEIGHT (MeTeRS)
Ts STACK GAS TEMPERATURE (DEG K)
Vs • STACK gas exit VELOCITY (M/SEC)
D INSiOE stack diameter (MeTeRs)
VF STArK GAS VOLUMETRIC FLOW RATE (M**3/SEC)
KST STApILITY (CLASS). SEE PaGE 209 OF PASQUiLL,

ATMOSPHERIC DISPERSION. CLASSES DEFINED BY...
1 IS pasouill stability Class a

PASOUILL stability ciASS B 
PASOUlLL stability ClASS C 
PASOUILL stability ClASS D 
pasouill stability class e 
PASOUILL stability ClAsS F

IS
is
IS
IS
IS

U
X
DtHDZ
T
p

9 
.3 
4 
s 
6

wind speed (M/StC) 
downwind distance (KM)

(DEG K/mETER)POTrNTlAL TEMPERATURE LApSE RATE 
AMBiENT AIR TEMPERATURE (DEG K)
AMBiENT AIR PRESSURE (MB)

thanks to 0A| E COVENTRY FOR HIS HeLpFuL DISCUSSION ON 
programming plume rise, to ROGER ThOmPsOn FOR THE COMMENT
cards, and io RUSS lee who revised This according to peferencerfoobioo 

IF(t)1.1.2 B1005200
T = 0. means no ambient temperature Given, use t = 293. bioo53oo

T * 293, BE005400

PE002100 
BE002200 
PE002300 
BE002400 
BE002500 
PE002600 
BE 002700 
BF002600 
PE002900
p.roosooo
()E«03100 
BE003200 
PE003300 
PEOOJMOO 
PEOO35OO 
DE003600 
PE003700 
BE003000 
BE003900 
BE004000 
FEOOmoO 
DE004200 
BE004300 
BE004MOO 
BE009b00 
BEOO46OO 
BE004700 
PE004800 
BEOOqVOO 
BE 005000

onoooc
oooooc
OOOOOC
oooooc 
onoooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
000000 
oooooc 
onoooc 
000000 
oooooc 
oooooc 
0 0 Ot 0 c 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
oooooc 
onoooc 
onoooc 
00000:



TABLE D-2 (Continued)

OOllO 56*
oolio 57*
00113 50*
OOI13 59*
00119 60*
00117 61*
00117 62*
00120 63*
00120 69*
00121 65*
OOI2I 66*
00121 67*
00121 60*
00121 69*
00121 70*
OOI2I 71*
00121 72*
00121 73*
00122 79*
OOI22 75*
00122 76*
00122 77*
00123 76*
00126 79*
00127 60*
00130 61*
00131 62*
00132 63*
OOI33 69*
00135 65*
OOI35 66*
00135 67*
00190 60*
OOI9O 69*
00190 90*
00191 91*
00192 92*
O0I99 93*
00196 99*
00197 95*
OOI97 96*
OOI97 97*
00152 96*

c

c

c

c

c
c
c
c
c
c
c
c

c
c
c
7
8

9
10

C
C

c
c

USE p = 960.

C
C

2 lF(pl3,3«M
p c 0. MEANS NO Amount air pressuhe given.

3 P = 960.
IF VF IS NOT GIVEN* CALCULATE IT FHOH STACK OATA,

9 IF(VF)5,5i6
5 VF = 0.785398*V9*D*0

the constant 0,765396 s PI/9
6 F = 3,12139*VF*<TS-T)/TS

the constant 3,12139 IS THE ACCELERATION DUE TO GRAVITY / PI. 
HHW = 0,0001l2i;»F*P

the constant 0.00011217

BE005b00
nE005600
nf005700
ncoobaoo
PE005900
(IE006U00
RE006100
BE006200
BE006300
BE006900
BE006500
DE006600
RE006700

= PI TIMES THE specific HEAT OF AIR AT 
constant PRrSSURE (0.29 CAL/Gh*DeG K| TIMES MOLECULAR WEIGHT 
OF AIR (28.966 GM/GM.MOLE) DIvIDeD By IDEAL GAS CONSTANT 
(0.0631 MB*m**3/GM.MOLE*DEG KI AnD ACCELERATION DUE TO GRAVITYeE006800 
(9,S0616 M/9EC*srC) ^NO THEN MULtIrLiED BY (4.1655E-06 MW/CAL pF006900 
PER SEC) TO CONVERT THE ANSWER To HEgAWATTS. BEOO7000

GO To appropriate BRAnCH FOR STABILITY CONDITION GIVEN. PE007100
IF Unstable or neutral go to 7, if stable go to 20, pE007zoo

GO TO (7.7«7|7,?0|20I»KST be007300
determine appropriate formula for Calculating xst, distance at beoothoo

WHICH turbulence BEGINS TO DOMINATE. THE FORMULA USED DEPENDSPE007b00 
UPON BUOYANCY FLUX. STATEMENTS 6 AfjO 9 ARE EQUATION «7I.

1F(f-55,)0,9,9 
XST=19.♦f**,625 
GO TO lO 
XST=39,*F**.9 
01StF=3,5*XST
DELhF51,6+F**0,333333*D1STF**0.666667/u 
IFIkST.lE,'* .ANn« IS.LE.l) DELHF s 0.7*DELHF 
IF(X)29,29*32

IF X = 0.0* calculate FINAL RISE oNlY, IF X 
0,0, calculate rise FOR DISTANCE = X AlSO.

XM = lOoO,* X
XM Is X IN Meters.
statement 19 IS EQUATION Ul* REFERENCE 1.

DELhX 3 1.6*F**n.333333*X«**0.6666G7/U 
IF(dELHx,GT.DELhF)DELHX=OELHF 
IF(kST,LE,9 ,ANn. IS.LE.l) DElHX s O.TtOEUIX 
60 TO 30
IF(DTHDz)21,21.?9

IFOtHOZ is negative or ZERO AsSiGN To IT A
0.035 IF stability Is slightly Stable or 

GO TO (7*7*7.7tj2.23)*KST

IS greater T)(AN

PE007600 
PE007700 
PFOOTBOO 
PE007900 
BE008UOO 
PE008100 
BE008200

EE006300 
PFOoa'tuo 
rrooaboo
PE 008600 
OE008700 
pEOoaooo 
PC008900 
BEOogooo

PC009100
Ee009200

A value of O.02 OH pr009300 
STABLL, RESPECTIVELY.(>r009900

PE009b00

00000!
00000!
ooono;
00000',
OOOOli
00001*
00001*
00002:
00002:
00003!
00003(
00003<
00003(
00003!
00003(
00003(
00003!
00003!
00003!
00003!
00003;
00003;
000091
00005;
00005!
00006!
OOOO6!
00006'

MEWOnoio:
cooja:
P0012;
00012:
000121
00012<
000121
00013:
onom:

NEWO0015:
00017:
0o0i7‘
00017*
00017'
00017!



TABLE D-2 (Continued)

0015S 99* 32 DTHdZ = 0.02
00154 lOO* 60 TO 24
00155 101* 23 OTHoZ = 0.035
00156 102* 24 S = 9,80616*DTHnZ/T
00156 103* C THE CONSTANT 9,60616 IS THE ACCELERATION DUE TO GRAVITY.
00156 104'* C S IS A STABIilTY PARAMETER.
00156 105* C CALCULATE PLiiHE RISE ACCORDING TO EqUaTIOn (Ml. REFERENCE 1.
00157 106* DHA = 2.4*<F/IU*S))**0.333333
00157 107* C calculate pliime rise hy equation (5), reference 1 FOR light
00157 108* C WIND conditions ACCORDING TO hORTOn, TAYLOR, AND TURNER.
00160 109* DELhF = 5.0*F**n,25/3**0.375
00161 110* IF(DHA-DELHF> 2s.25,27
00164 111* 2S DELHF = DHA
00164 112* C DISTANCE TO FINAL PLUME RISE 1$ GIVEN BY THE FOLLOWING
00165 113* 27 DIStF = 3.14159*U/S**0.5
00165 114* C IF X = O.O. CALCULATE FINAL RISE oNfY, IF X IS GreaTER THAN
00165 115* C o.o, calculste rise for distance = X Also.
00165 116* C IF X IS ZERO OR LESS, 60 TO 29 ANd SET PLUME RISE AND QlST, TO
00165 117* c maximum plumE rise equal to zero.
00166 118* IFlxJ29.29.33
00171 119* S3 XM s 1000,*X
00171 120* c XM IS X IN HfTERS. .
OOI7I 121* c IF Xh is greater than the distance to the point of final plume
OOI7I 122* c rise, set P| UME RISE EQUAL TO FInAl PLUME RISE. OTHERWISE,
OOI7I 123* c CALCULATE PLUME RISE FROM EOUaTIqN t6).REFERENCE 1.
0017a 124* lF(xM-DlSTF)l4.i4.2a
00175 125* 2a DELHX = DELHF
00176 126* GO TO 30
00177 127* 29 oelhx = 0,
OO2O0 128* HX = 0.
00201 129* GO TO 3i
00201 130* c calculate effective height at distance X.
00202 131* So HX = HP * OELHX
00202 132* c CALCULATE FInAL EFFECTIVE HEIGHT.
00203 133* Si HF = HP ♦ DELHF
00204 134* OIStF 3 DiSTF/lnOO.
00205 135* RETURN
00206 136* END

{If 009600 
{If 009700 
(f009«00 
i>f 009900 
pfOJ 0000 
pfOlOlOO 
ff010200

Pfoioaoo 
nfolOMOo 
PCOlOSOO 
riroio6oo 
rcoio7oo 
nfoioooo 
nr 010900 
Ff011000
rroiiioo 
r-EOll20O 
pFOlUOO 
proiiMOo 
pfOllbOO 
PfOl1600 
PF011700 
PFOllOOO 
Pf011900
pf012000
rroi2ioo 
Pf012200 
of 012^00 
PF012400 
Pf012b00 
Pf012600 
BE012700 
nf012000 
rr0l2900 
PF013000 
Pf013100 
rf013200 
PF013300

end of COMPILaTIoNI NO Diagnostics.

00021: 
00021: 
00021' 
000211 
C0C21I 
00 0 211 
P0021I 
00022: 
00022: 
00022: 
00023; 
00024' 
orop4' 
00024" 
00025; 
00025; 
00025; 
00025; 
00025: 
00026' 
00026: 
00026. 
00026: 
00026. 
00026 
00026' 
00027' 
0C027; 
00027' 
00027' 
00027! 
000271 
00027 
00027" 
00030 
00030' 
00030 
0r042i
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TABLE D-3
TCM CODE LISTING - PLUME RISE MODIFICATION

1251 576# Uo 9235 IP=1,NP0L
1259 577* AF(IP»=AN<IRUNiIPI
1255 5ia* 9235i UpilPI=nNIIRUN.IP»
1255 579^ C
1255 500* C IflPllT POINT SOURCE OnTA
1255 5al9 C X = x-cooROiiMTEt Kilometers
1255 5e2* C Y = y-CoOROlNATEi KjLOfICTEhS
1255 5e3^ C E«N) = EMISSION RATE OF f’ULLUlANl Ni GHAmS/SeCOMO,
l255 5o«l» C M = source height, meters
l255 C 0 = source diameter, peters
1255 C V = exit velocity. mETERS/SFCONO
1255 5a7^ C t = exit temperature, degrees centigrade
1255 bee* C Point source format is set up for cdm ionlt 2 pollutants)
1255 bas* C TO USE 3 pollutants. FORMATS 227 ANO 995 MUST DE CHANGED.
1257 590* 9292 REaOIIr0.227)X,Y.E(11.tl2).H.D.V.T.SlO
1275 591* 227 FORMATiF6.0.F7.0.7v.2Fo.O,F7.0.F5,0.2F7.0,7x.2Am
l276 592* lF(X + y + Ea)+El2) .Lt.0.01) go to 355
1300 b95* lPT= IpT+1
1301 b^>^* T=T+273.15
1302 b^b* IFiNCSoPT.EO.O) go to 220
130‘» 5969 lFlMCSoPT.EO.21 E(i)= E(21
1306 597* IF(NCSoPT.E0.31 E(ll= t(3)
I3l0 598^ fc|2)=0.
13U 599^ t(3)=0.
1312 600^ 220 *F(«>PT-l)/50*50.Nr.IPT-l) GO TO 290
l3m 601* WRITE!IWR.900)
I3i6 602* Write!IWR.935ITT.IrUN
1325 603* WriTEIIWR.990)
l327 6C9* 290 WrITE!iwR.995)1PT.v.Y.H.D,v,T.E!1).E!2),SiO
i327 605* C
l327 606* C CaLcuLATc DRiGGS PLUmE rise
1327 607* C iin IS Effective stack height
i3m6 60a* Fd= 2.95*V*n*0*!T-TA!lRUN))/T
l3^7 609* lFlF8.GT.55.1 GO Tn 23o
1351 610* XA35 = 99,0*FB** 0.62c;
1352 611* Go TO 235
1353 612* 230 Xa35=1i9.0*FO**0.9
1359 613* 235 Uo 265 IS=i,6
1357 619* Vur!IS)= 1!10./H)**P!IS)I/UllS.IRUH)
1360 615* 265 HhiISIs H ♦ 1.6*VUrlIR)*«I0**C.333333)*XA35**0.6661.67
1360 616* C
1360 617* C MOoiFiCATibN FOR TURDINE I’LUME RISE
1360 616* C plume Rise for stadi e conuitions ia through dn i = ,7*uriggj5

tCM67600 
tChs770o 
TCMt7noo 
lCMf-79U0 
tCMSBOOO 
iCH.^PlOO 
TCMf.8200 
rCfiroioo 
tCM5A400 
TCie,8500 
xcnneeoo 
iCM50700 
TCMsnaoo 
TCMJ,e900 
tCMS9000 
tCM59J00 
iCH59200 
tCH59300 
TCM59400 
rCM59500 
tCM59600 
TCM597OO 
TCri59600 
tCH59900 
tCMCOOOO 
tCHtOlOO 
TCrV,0200 
rCMf0300 
yCMeOMOO 
TCM60500 
TCM60600 
tCMc07UO
TCnaoaoo
TCM60900 
tC.M61000 
tCMP UOO 
TCMfciaoo 
rCf<f>i30o 
tCMAIMOO 
tCMOISOO

*NEW 
♦ NEW 
♦NEW
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TABLE D-3 (Continued)

'1360 619^ C
1362 620^ 9
1363 6214 9
1 369 622^
1365 623^
1370 629^
1375 625^
1377 626^
1905 627^
1907 620^ 2i
1911 629^
mi 630 + C
iMll 631^ c1912 632^
1'*15 633^
1916 639^
1921 260
l'»21 636^ C
1921 637^ C
1929 630t
1<*27 639^
1931 690^
1932 691^
1933 692^
1939 693^ 269
1936 699^
1937 695^
1990 696^
1991 697^ 270
1999 690# 272
1997 699^ 275
1950 650^
1951 651^ 205
1951 652^ C
1951 653^ C
1951 6594 C
1953 655*
1956 6564
1957 6574
i960 6504
1961 6594
1962 6604
1965 6614

TCH61600
20 noi<'NWINO 0iSTANCEStCM(;1 700 
f'MysiCAL Stack tlElGHTTCMtinOO

TC«fil900

77 KopMATdOX, I5. 3FiO.ll 
7fl t-OI(MAT| lOX,/)

lEsr = (Tt273.2J*V 
Do 266 JK = l,i|
Print 977. j, m, Hiiijk»
iFcrCST .GT. 12500.1 = IhIKJKI - H)*o.7 ♦
Print 977. j, 11, mh(jk), test 
Print 970 

ib Continue
VllN=( (10./H)t‘*0,25»/Uf1FAN(lRU.M»

Calculate decay factors for each pollutant for TO M6.I KM,, using mean INVERSE WINO SFECO AT 
Uo 26fl ID=1,20
UisT=DliM(iDI*1000. tCM62000
Do 260 IP=l,NPOL TCM62100
DfcAY(iU,Ip)rEXP(-n.692»DIST*VDn/HALF«Ip») tCmG2200

FoH each stability C, ASS, DETEH'-lNE FACTORS NsH,FSH FOR rCMfeaJOO
iNxrRPOLATlON TO CORRECT EFFECTIVE STACK HlIgHt IN KPS TAOLr. tCM62400

Uo 205 1=1,6 tCM62500
IFIHIKiJ.Gt.IO.I Go TO 269 TCME2600
T<Su<I»=l TCM62700
Fsh(1»=1. jCflfeJflOO
«0 TO 265 tCH6?900
IfiHHI n .Lt.300. » r.O to 370 TCM63000
Nsh<I)=0 TCMf,3l00
Fsil(I)=0. TCM63200
00 TO 205 TCM63300
Do 272 J=2,9 TCMr.3*tO0
IrcMIM n.Le.HLIMIJII Go TO 275 jCM63500
NSU(I)=J-1 iCH63600
FSH(I)= «HLIH<J|-Mmn I/(I,L1'1(J»-HL1M|J-H » TCM63700
Continue jCmgsoooTCM62900

Calculate concentrations fRO'i point source at the center frtif,900o
Ol EACH GRID SQUARE. rCMf.itlOO

Uo 300 1 = 1,LX TCMC‘t200
*1 = 1 tCM6'i300
XCgSs xSWC ♦ IXI-0.5»*GRlD TCH6«t‘t00
*D= XCgS - X TCMf.14500
*050= XD*X0 tCH61)600
Uo 300 J=1,LY TCM6*t700
TJ=J TCMF4000

♦ NEW 
♦NEW 
♦NEW
♦ NEW
♦ NEW 
♦NEW
♦ NEW 
♦NEW
♦ NLW
♦ NEW



TABLE D-4
mi SUBROUTINE PGSYSZ LISTING - DOWNWASH MODIFICATION

SFOR.S PGSYSZ.PgSYSZ
FOR S URX T -08/20/79-17136151 (0,>

subroutine PGSYSZ ENTRY POINT 000370

STORAGE USED! CODEJl) 000940| DATA(0I 0000461 BLANK C0MM0n(2) 000000 

common BLOCKS!

0003
0004

DW
DLO

000147
000002

external references cBLOCk, NAHEI

0
1

poUi

0005
0006 
0007 
0010 
0011 
0012 
0013

DOWAzy
NER2s
rmaths
AL06$
XPRRt
LINS
coss

STORAGE assignment iBLOCK, TYPE, RELATIVE LOCATION, NAME)

0001 00001,5 IL 0001 000071 lOL OOOl 000117 12L 0001 000106 I72B 0001 00
0001 000131 20l OOOl 000146 207g 0001 000157 22l 0001 0002^0 225G OOOl 00
0001 0003j0 253G OOOl 000171 30L 0001 O0O2O7 40u 0001 000231 42L OOOl 00
0001 000265 52L OOOl 000277 60L 0001 000327 62L 0001 000333 69L OOOl 00
0001 000344 71L 0003 R 000037 AA 0003 R 000057 AB 0003 R 0000^5 AD 0003 R 00
0003 R 000123 AF 0003 R 000047 Ba 0003 H O0O062 DB 0003 R 0000^3 BD 0003 R 00
0003 R 000135 BP 0000 000007 DYNS 0004 R 000000 HT 0000 R 000002 HTT 0000 1 00
0000 R 000001 SAVEX 0000 R 000005 TH 0000 R 000003 vx 0000 R 000004 VY 0004 R 00
0003 R 000000 XA 0003 R 000007 xb 0003 H OOOoil XD 0003 R 000016 XE 0003 R 00
0000 R 000000 XY

QOlOl subroutine PGSYSZ (X,KST,SY,SZ) 000000



0
1

ho
cr>

OOlOl 2* C
OOlOl 3* C
OOlOl 4* cOOlOl 5* cOOlOl 6* cOOlOl 7* cOOlOl e* cOOlOl 9* cOOlOl 10* cOOlOl 11* c00103 12*
00103 13*
00104 14*
00105 15*
00107 16*
00111 17*
00113 18*
00115 19*
00117 20*
00121 21*
00123 22*
00125 23*
00127 24*
00131 25*
00133 26*
00133 27*
00135 28*
00135 29*
00137 30*
00137 31*
00141 32*
00141 33*
00143 34*
O0I44 35*
00145 36*
00147 37*
00150 38*
00152 39*
00153 40*
OOI54 41*
00156 42*
00160 43*
OOI6I 44*

TABLE D-4 (Continued)

D. B, turner, environmental APPLICATIONS BRANCH 
METEOROLOGY LABORATORY. ENVIRONMENTAL PROTECTION AGLmcY 

research triangle park. N C 27711 
(919) 51*9 - flMll. EXTENSION ^b65 

VERTICAL dispersion PARAMETER VALUE, sZ DETERMINED BY 
SZ = A ♦ X ♦♦ B WHERE A AND B ARE FUNCTIONS OF BOTH STAdILI'Y 
AND RANGE OF x.

HORIZONTAL DISPERSION PARAMETER VALUE. SY DETERMINED BY 
LOGARITHMIC INTERPOLATION OF PLUmE HALF-ANgLE ACCORDING TO 
distance AND CALCULATION OF 1/2.15 TIMES HALF-ARc LENGTH.

COMMoN/OW/XA(7).XD(2),XD(5).XE(6).XF(9».aA(6).UA)a).AB(A).BB(3)*
♦A0(6),Bn(6).AE)9),OE(g).AF(IO).BF(lO)

COMHON/BLD/HT.WO
DATA XA/.5. .<♦. .3. .25. ,2. ,15» .1/
DATA XB/.4..2/
DATA XD /3O..10,.3,.1,..3/
data xE /40..20..10.,a,,2,,1.,.3,.1/
data XF /60,.30..15..7..3..2..1..,7.,2/
DATA AA /453.65.346.75.258.09.217. <41.179.52.170,22.158,08,122.0/
data BA /2.1166,1,7283.1.4094,1,2644,1.1262,1.0932.1.0542,.9447/ 
DATA AB /IO9.30.98,483.90.673/
DATA BB /1,0971.0,98332.0.93198/

/44.053,36.650,33.504,32.093,32.093,34,459/
/O,51179,0,56569,0.60486,0,64403,0.81066,0.86974/
/47.616,35.420,£6.970,24,703,22.534.21.628,21.628,23.331,

data ad
DATA BD
data AE 

1 24,26/
data be /O.29592,0,37615,0.46713,0.50527,0,57154.0.63077,0.75668, 

1 0,81956,0,8366/
data Af /34.219,27,074,22.651,17.836,16,187,14.823,13.9t>3,13,953, 

1 14.457,15,209/
data BF /O.21716,0,27436,0.32661,0,41507,0.46490,0.54503,0.63227, 

1 0.66465,0.78407,0,81558/
XY = X 
SAVEX=X

. if(ht.le.o.) go to 2 HTT=HT/100.
IF(X.gE.HTT) go to 1 
SY=.35*WD+.O67*(100o.*X-3.*HT)
SZ=.7*HT+.067*(1000.*x-3.*hT)
IFCSZ.Le.O.) SZ=1.
IF)SY.LE.0.) SY=1.
RETURN

1 CALL OOwAZV)X,KST,VX,VYI

000000
oooooo
000000
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo

NEWOOOOOO
NEWOOOOCO
NEWOOOOOO

-2000000
OOOOOO
oooooo
OOOOOO
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo
oooooo

MEWOOOOOl
NEW000002
NEW000005
NEWoOCOlO
NEW000013
NEW0C0025
NEW000031
NEU000036
NEW000043
NEW000045
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TABLE D-4 (Continued)

00162 45* X=VX+X
00163 46* xy=vy+x
00164 47* P continue
00165 46* GO To UOt20.30»40t50,60).KST
00165 49* C stability a (1o»
00166 50* 10 TH = (24.167 ' 2.5334»AL0G(XY))/57.2958
00167 51* IF «X,Gt,3,11> Go To 69
00171 52* DO 11 ID = 1.7
00174 53* IF(X.gE.XA(ID)) GO TO 12
00176 54* continue
00200 55* ID = 6
00201 56* 12 SZ = AA(IO) * X ** BA(ID)
00202 57* GO To 7l
00202 56* C stability B (20)
00203 59* 20 TH = (Ib.333 - 1.6096*AL06(XY))/57,295e
00204 60* 1F(X.gT,35.) GO TO 69
00206 61* DO 21 lo = 1,2
00211 62* IF (X.GE.XB(ID)) GO TO 22
00213 63* 21 continue
00215 64* ID = 3
00216 65* 22 SZ = AB(ID) * X ** BB(ID)
00217 66* GO To 7o
00217 67* C stability C (30)
00220 66* 30 TH = (12.5 - 1.0657*ALOG(XY))/57.295o
00221 69* SZ = 61.141 *X ** 0.91465
00222 70* GO To 70
00222 71* C Stability d »40)
00223 72* 40 TH = (6.3333-0.72382*aLOG(XY))/57.2958
00224 73* DO 41 lo = 1,5
00227 74* IF (X.CE.XO(ID) ) GO TO 42
00231 75* 41 continue
00233 76* ID = 6
00234 77* 42 SZ = AD(ID) * X *♦ BD(ID)
00235 78* GO To 70
00235 79* C stability E (50)
00236 60* 50 TH = (6.25 - 0,54267+ALOG(XY))/57.2958
00237 61* DO 51 lo = 1,8
00242 62* IF (X.Ge.XE(ID)) GO TO 62
00244 63* 51 continue
00246 64* ID = 9
00247 65* 52 SZ = AEilD) ♦ X ** BE(IO)
00250 66* GO To 70
00250 67* C stability F (60)

NcwoonnbiNEWOOOObM
NrW000057

000057
000057
000071
000077
000106
000106
oooim
oooim000117 
000127 
000127 
000131 
000137 
000106 
0 0 0 1 0 f 
000154 
000154 
000157 
000167 
000167 
000171 
000177 
000205 
000205 
000207 
000220 
000220 
000226 
000226 
000231 
000241 
000241 
000243 
000254 
000254 
000262 
000262 
000265 
000275 
000275



TABLE D-4 (Continued)

00251 60* 60 TH = (4.1667 - 0.36i91*AL0G(XY>)/57.2
00252 69* DO 61 10 = 1,9
00255 90* IF (X.Ge,XF(ID)> GO TO 62
00257 91* 61 CONTINUE
00261 9Z* ID = 10
00262 9i* 62 SZ = AF(ID) * X ** BF(IO)
00263 99* GO To 7o
00264 95* 69 SZ = 5000,
00265 9b* GO To 7i
00266 97* 70 IF <SZ,gT.5000. » SZ 6000.
00270 96* tl ST = 465.116 ♦ XT ♦ SlN(TH) / COS(TH)
00271 99* X=SAVEX
00271 100* C '♦65.116 e 1000. (M/KMI / 2,15
00272 101* return
00273 102* END

000277
000310
000310
000316
000316
0003?1
000331
000333
000330
000336
000304

NEW000360
000360
000362
000437

END OF compilation* NO diagnostics.
01
N)
00
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TABLE D-5
DOWAZY SUBROUTINE LISTING - DOVJNVJASU MODIFICATION

arORiIS DOUAZYiDOWAZY
for S 4RI T -08/20/79-17195145 «i0>

subroutine dowazy entry Point 000354

storage USEOi CODEUi 0004131 DATA(0> OOflOTMl BLANK C0MM0N«2> 000000 

COMMON BLOCKS!

0003
0004

DK
BLD

000147
000002

external references jBLOCKi NAME!

0005 NERZs
0006 RMATHS
0007 XPRRS

STORAGE ASSIGNMENT (BLOCK, TYPE, RELATIVE LOCATION, NAME)

0001 000023 lOOL 0001 000067 llOL 0001 000116 12l 0001 000133 120L 0001 00
0001 000154 130L OOOl 000210 140L 0001 O0O1O5 145g 0001 0002=0 150L OOOl 00
0001 000312 161L OOOi 000222 174G 0001 000052 2L 0001 ono2t>2 2lOB OOOl 00
0001 000233 42L 0001 000273 52L 0003 R 000037 AA 0003 R 0000=7 AB 0003 R 00
0003 R OOOlOl AE 0003 R 000123 AF 0003 R 000047 BA 0003 R 0000‘>2 nr 0003 R 00
0003 R 000112 BE 0003 R 000135 BF 0000 000043 DYNt 0004 R oooooo HT 0000 I 00
0000 R 000042 P 0000 R 000037 sigy 0000 R 000040 SIgZ 0000 R 000060 S7A 0000 R 00
0000 R 000011 SZO 0000 R ooools SZE 0000 R 000026 SZF 0004 R OOOOOl UD 0003 00
0003 000007 XB 0003 000011 xd 0003 O0OOI6 XE 0003 000026 XF

oolol 1* SUBROUTINE DOWAZY(X,KST,VX,VY) oooooo
00103 2* DIMENSION SZAJ7),SZB(2),SZ0<5),SZt(0),SZF<9) oooooo
00104 3* C0MM0N/dW/XA(7),XB(2),XO(S)«XE18),XF(9),AA(0|,8A(8),AB(3),BB<3)* oooooo
00104 4* *A0(6),BdI6I,AE<9),BE(9),AF)10),BF(10) oooooo
00105 5* COMMON/0LD/MT,WD oooooo
00106 64 data SZA/104.6,71.2,47.4,37.7,29.3,21.4,14./ oooooo
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00110
00112
00114
00116
00120
00121
00122
00122
00123
00124 
00126 
00131 
00133
00135
00136
00137 
OOImO
00140
00141
00142 
00144 
OOI47 
00151
00153
00154
00155
00156
00156
00157 
00160 
00161
00161
00162 
00163
00165
00166 
00167
00170
00171
00171
00172
00173
00176

7*
e*9*

10«
11*
12*
13*
14*
15*
16*
17*
18*
19*
20*
21*
22*
23*
24*
25*
26*
27*
28*
29*
30*
31*
32*
33*
34*
35*
36*
37*
38*
39*
40*
41*
42*
43*
44*
45*
46*
M7*
48*
49*

TABLE D-5 (.Continued)

DATA SZb/40.»22.04/
data S20/251.3,134,9.65.1i32.1.12,1/
DATA SZE/141.9,109.3«79.,49.7t33,5,2l.6,8.7«3,5/ 
data SZf/83,21 68.7 I 54.9.4 0.*271 «21.3,14.,10.9.4.1/
S1GY=.35*WD*.5*HT
SIG2=1.2*hT
GO To (100,110,120,130,140,1501, KST 

A STABILITY
100 VY=(SIGy/210.1**1.124

IF1SIGZ.GT.5000. ) GO TO 160 
DO 1 ID=l,7
IFISIGZ.GE.SZAIID)» GO TO 2

1 continue 
10 = 8

2 P=l./DA(IOI 
VX=(SIGz/AA(IDI)**P 
GO To 161

n stability
110 VY=(SIGY/180.»**1.14

IF 1SIGZ.GT.5000.I GO TO 160 
DO 11 ln=l,2
IFISIgZ.GE.SZBUDI) GO TO 12

11 continue
10=3

12 P=1./BD(ID)
VX=1SIGz/AB1ID) »**P 
GO To l61

c stability120 VY=(SIGy/113.1**1.109 
VX=1SIGZ/61.14)**1.093 
GO TO 161

D STABILITY
130 VY=1SIGY/74.1**1.099

IFlSlGZ.GT.SZDllD)I GO TO 32
31 continue 

• 10 = 6
32 P=1./DD(ID)

VX=lSIGZ/A01IO))**P 
GO To 161

E stability
140 VY=(SIGy/52.1**1.089 

DO 41 10=1,8
IF1SIGZ.GE.S2E1 ID)I GO TO 42

000000
onoooo
OQOOOO
000000
000000
000005
000010
OOOOlO
000023
000032
000041
000041
000047
000047
000052
000055
000065
000065
000067
000076
000105
000105
000113
000113
000116
000121
000131
000131
000133
000142
000152
000152
000154
000163
000170
000170
000173
000176
000206
000206
000210
000222
000222
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TABLE D-5 (Continued)

00200 50* 41 continue
00202 51* ID = 9
002o3 52* 42 P=1./BE(ID>
00204 53* VX=(SIGz/AE(IDH**P
00205 54* GO To 161
00205 55* C F STAOILlTY
00206 56t 150 VY=«SIGy/'35. 1**1.099
00207 57* 00 51 10=1*9
00212 5e* 1F(SIgZ.GE.SZF(ID)) GO TO
00214 59* 51 continue
00216 60* 10 = 10
002l7 61* 52 P=1./BF(I0)
00220 62* VX=(SIGz/AF(ID)I**P
00221 63* GO TO 161
00222 64* I60 VX = 3.U
00223 65* 161 IF (VX.GT.100.) VX=100.
00226 66* IF (VY.GT.100.) VY=100.
00227 67* VY = VY-(HT/100. »
00230 60* VX=VX-(MT/100.)
00231 69* 1F(VX.Le.O.) vx=o.
00233 70* IF(VY.Le,0.) VY=0.
00235 71* return
00236 72* end

END OF COMPILATION! NO diagnostics.

000230
000230
000233
000236
000246
000246
000250
000262
000262
000270
000270
000273
000276
OOO3O6
000310
000312
000322
000330
000333
000336
000342
000346
000412
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APPENDIX E 

METEOROLOGICAL DATA



Surface Meteorological Data Used in Modelin.g

Surface meteorological data used in modeling were 

obtained from the Barter Island TDF-1440 meteorological tape 

supplied by the National Climatic Center. These data were com
plete on arrival. Interpolations necessary for filling in 

missing data had already been made by the National Climatic 

Center. For short term modeling, surface data for the year 

1964 for Barter Island were used. For annual modeling, annual 
average meteorological data were obtained from Barter Island 

surface data for the years 1958-1964.

Mixing Height Data Used in Short Term Modeling

Afternoon mixing height data for Barter Island for 

the year 1964 were used in short term modeling. These data 

were obtained from the National Climatic Center and were deter
mined by the Holzworth method. Missing afternoon mixing height 
data were filled in by Radian through the use of linear inter
polation between valid afternoon mixing heights on each side 

of the missing mixing height. Annual average mixing heights 

were not needed since the TCM model does not use mixing heights 

in its computations.

Justification for using Barter Island Surface and Upper Air 

Data

Barter Island surface and upper air (mixing height) 

data were selected for use in modeling for the following rea
sons ;
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► Barter Island wind data can be considered reason
ably representative of wind flow in the study 

area. As noted in Section 4.0, the Deadhorse Air
port surface wind rose for 1976 shows a prevailing 

east-northeasterly wind while the Barter Island 

wind rose for the period 1958-1964 shows a prevail- 

■ ing easterly wind. It was noted that the differ
ence in the prevailing wind directions might be 

the result of:
(1) The short sampling period at the Deadhorse 

Airport versus the longer sampling period at 
Barter Island,

(2) A large scale effect on the winds at Barter 

Island created by the Romanzof Motmtains south 

of Barter Island and a smaller effect on the 

winds at Prudhoe Bay created by the Brooks 

Range south of Prudhoe Bay, and/or
(3) The coastal configuration at Prudhoe Bay com

pared to that at Barter Island.

• There are no significant terrain features on the 

North Slope of Alaska that will induce large oro
graphic influences in the wind fields at either 

Prudhoe Bay or Barter Island. The land itself is 

tundra with very little aerodynamic surface rough
ness to affect the wind fields.

• Although surface wind data are collected at Dead
horse Airport, which is in the immediate study 

area, no hourly data were readily available on 
magnetic tape for this station. Hourly data for 

this station can be put on magnetic tape by the 

National Climatic Center or in-house. This process, 
however, is costly and very lengthy. The Unit
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Operators felt that the snail increase in validit}’’ 
obtained from the use of Deadhorse Airport did not 
justify the increased cost or time expenditure.

• Both surface and mixing height data were readily 

available for Barter Island for the year 1964.
The year 1964 is important for short term modeling 

since it is the most recent year for which hourly 
surface data are readily available and for which wind 

direction is indicated to the nearest 10 degrees.

• Barter Island is the closest National Weather Ser
vice area for which upper air data are available. 

Barter Island is approximately 120 miles east of 

Prudhoe Bay.

• It is desirable in modeling to use surface and 

upper air data from the same station and for the 

same period of record.

Stability Calculations by Turner's Method

In both long and short term modeling, stability clas
sifications were derived by Turner's Method (also known as the 

STAR method) (Turner, 1961, pp. 448) which uses wind speed, wind 

direction, and cloud cover data from the TDF-1440 surface tape.
The six stability classes calculated by Turner's Method are A,
B, C, Di, Dz, and E + F. Classes A, B, and C are the instable 

classes, ranging from very instable (a) to slightly unstable (C). 
Class Di is the neutral class for daytime only, while class Da 

is the neutral class for nighttime only. Class E + F encompass 
all stable cases. For annual modeling, the Radian version of 

the STAR program was used to produce the joint frequencies of
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the sixteen compass point wind directions, the six Pasquill- 
Gifford stability classes, and six wind speed classes.

There are several potential problems associated with 

Turner's Method and its application in Alaska and at Barter 

Island (Prudhoe Bay) in particular.

(1) Turner's Method over estimates the frequency of
occurrence of neutral conditions at Barter Island 

at the expense of stable conditions. This is 

because wind speed, which is one of the factors 

used in Turner's Method to estimate stability, 

causes mechanical turbulence.

Mechanical turbulence in the atmosphere is caused 

by air flowing over a non-uniform surface with a 

given aerodynamic surface roughness. The amomt 
of mechanical turbulence generated by the wind 

increases with increasing wind speed. This 

turbulence then causes the turbulent layer to 

become well mixed. As a result, the vertical 
temperature structure of the turbulent layer 

approaches the neutral, or dry adiabatic, lapse 

rate as the surface wind increases.

Turner's stability classification scheme is valid 

for areas of average surface roughness. The 

Prudhoe Bay area is a very flat area of tundra 
with no forests or other significant areas of 

large vegetation. Seaward is ice pack or open 
ocean, depending upon the season. The result is 

that the aerodynamic surface roughness of the 

Prudhoe Bay area is very low. As a consequence.
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the average mechanical turbulence generated by 

wind flowing over the area is correspondingly 

low. This is not saying that mechanical turbu
lence is not generated by the wind at Prudhoe 

Bay. It only implies that the depth through 

which the mechanical ttirbulence is significant 

is much shallower and closer to the surface than 

would be expected with the same wind speeds else
where .

This turbulence is less than the turbulence im
plicitly contained in Turner's scheme that give 

stability as a function of wind speed and net 

radiation at the earth's surface. (Convective 

turbulence is a function of net radiation.) The 

result is that Turner's Method will predict that ' 
more turbulence driven mixing occurs in the lower 

atmospheric layers than actually occurs with 

stability being forced to neutral conditions at 

higher wind speeds. Actually, vertical tempera
ture gradients will persist at higher wind 
speeds than predicted by Turner's Method and thus 

Turner's Method over predicts neutral conditions.

Radian is currently conducting ambient monitoring 

at Prudhoe Bay. From the data already collected, 

Radian has identified several days that support 

the opinion that the surface turbulence layer is 

very shallow along the Alaska's north slope. In 

one instance in March 1979, a 6°F inversion was 
maintained for several hours between 33 feet and 

200 feet while the wind speed at 200 feet was 

20 mph and that at 33 feet was 16 to 20 mph. At 
the same time, the horizontal wind direction
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(2)

fluctuation standard deviation, at 200 feet 
was very small, indicating very stable flow con
ditions .

It appears that on this day, the mechanical tur
bulence layer caused by the 20 mph wind shear 

between the ground and 33 feet was totally con
tained within the first 33 feet of the atmos- 

ph ere.

The fact that Turner's Method forces stability 

conditions to neutral is significant for Barter 

Island since the average wind speed at Barter 

Island for the period 1958-1964 was 11.5 knots. 
The maximum solar elevation angle possible at 

the latitude of Barter Island is about 43.5 de
grees on the summer solstice, June 21. The com
bination of these two factors, high average wind 

speed and relatively low maximum solar elevation 

angle restrict the allowable stability class to 

neutral for about one half of an entire year. 
There are still many other cases of neutral 
stability with other wind speeds, with Turner's 

Method predicting neutral stabilities over 77 

percent of the time. Stable conditions account 
for only 16 percent of all hours.

Turner's Method probably under estimates the 

occurrence of stable conditions. Stable condi
tions result when net radiation flux at the 

earth's surface is negative. This occurs at 
night when there is no incoming solar, or short 

wave radiation and there is significant outgoing 

terrestrial, or long wave, radiation.
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During the period around the winter solstice, 
the sun never rises at Barter Island and Prudhoe 

Bay. As a result, for the winter months, there 
is strong and continuous outgoing terrestrial 
radiation, moderated somewhat by the winter cloud 

cover. The presence of complete snow cover on 
the ground during the winter is expected to en
hance the net radiation deficit. Snow is an 

excellent radiator of long wave radiation and 

will emit more radiation than the bare ground.
A net radiation deficit at the surface means that 

the surface is cooling with respect to the adja
cent atmosphere. This condition is then respon
sible for the formation and maintenance of sur
face radiational inversions and stable conditions. 
Without the normal diurnal heating of the sun, 
these stable conditions can then be expected to 

persist for extended periods of time.

As a consequence, the extreme winter net radia
tion deficit, enhanced by the continuous winter 

darkness and the extensive snow fields, is prob
ably stronger and more persistent than is impli
citly allowed for in Turner's Method. Thus, 
Turner's Method will tend to mder predict the 

occurrence of stable conditions at Barter Island.

Radian has also learned from its ambient monitor
ing program that there are several elevated stable 

layers and inversions normally present at Prudhoe 

Bay in the late winter and spring. The existence 
of these stable layers cannot be accounted for by 

Turner’s Merhod, except for a single ground
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based surface inversion. Undoubtedly, the net 
radiation deficit during this time of the year 

is responsible for many of these stable layers 

and inversions.

(3) Turner's Method requires calculations of sunrises 

and sunsets in order to estimate incoming solar 

radiation and outgoing terrestial radiation.
These are problems associated with the calcula
tion of sunrise/set during certain times of the 

year at the northern latitude at Barter Island 

and Prudhoe Bay. These problems are discussed 

in detail later in this appendix.

There are several reasons why Turner's Method was 

considered acceptable for use at Barter Island.

(1) Turner's Method is accepted by the EPA and is 

included in the PREP, RAMMET, and STAR programs.* 

Thus, there is no need to rejustify the develop
ment of Turner's method since it is an accepted 

method. All that needs to be done in order to 

use it is to justify its applicability.

(2) Any modification to Turner's method will make it 

essentially a new method. As such, its develop
ment must be justified to the EPA in detail. A 

result of this justification process is that the 

time and effort needed bv the EPA to review the

*PREP is a meteorological preprocessor program used 
with CRSTER, RAMMET generates a meteorological file for RAM, 
and STAR produces a meteorological joint frequency function 
for annual models like TEM.

E-8



PSD application is greatly increased. The Unit 
Operators do not feel that development of a new 

scheme solely for the present PSD application 

is warranted from an economic, time or increased 

validity standpoint.

(3) The two major problems with Turner's Method are 

over-prediction of neutral conditions and under
prediction of stable conditions, both of which 
produce conservative dispersion modeling results.

Most of the proposed emissions will be from the 

proposed gas turbine facilities. As such, there 

will be considerable pltime rise associated with 

the gas turbine emissions. The effective emis
sion height will then be well above the shallow 

mechanical turbulence layer produced by mechan
ical wind shear.

Under the predominant stable conditions that 

will occur at plime height, the plume will be 

embedded in the stable flow and will only very' 
slowly, if at all, diffuse to the ground. Plume 

diffusion under neutral conditions is much more 

rapid, with more pollutant physically being 

diffused to the ground. Thus, because Turner’s 

Method over predicts neutral regimes and under
predicts stable regimes, plumes actually disper
sing under stable conditions at times will be 
handled by the dispersion models as if the sta
bility were neutral. The result is that higher 

ground level concentrations will tend to be cal
culated. Higher ground level concentrations, in 
turn, produce more conservative estimates of 

air quality impacts.
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Determiiiation of Hoiirly Mixing Heights

Radian modified the CRSTER meteorological processor 

PREP to enable it to calculate correctly sunrise and sunset 
conditions above the Artcic Circle. Sunrise and suns'et times 

are needed by PREP to enable PREP to calculate hourly■mixing 

heights and also to determine hourly stability classes. PREP 

was also modified so that the hourly mixing heights would be 

determined by linear interpolation between successive afternoon 

mixing heights during stunmer and winter. The normal PREP mix
ing height interpolation scheme was used during the spring and 

fall.

Circumpolar Sun Considerations

Prudhoe Bay is different from a geographic point of view 

compared to most locations where PSD permits must be prepared. 
Prudhoe Bay is located at about 70°N latitude which is above 

the Arctic Circle. Because of this, for about 32 days on each 

side of the summer and winter solstices, the sun is circumpolar, 
or circles the poles. In other words, the sun is above the hor
izon continually for 64 days near the summer solstice. The sun 
is also below the horizon continuously for 64 days near the win
ter solstice. The dividing line between locations.experiencing 

24 hour daylight periods or nighttime periods is the Arctic 

Circle, which is located a 66.55°N.
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Meteorological Data and Sunrise/Sunset

The CRSTER dispersion model requires that meteorologi
cal information input into the CRSTER model be in a specific 

format. This formatted meteorological data is produced by the 

preprocessor program PREP. PREP is identical to the meteorolog
ical preprocessor for the RAM model, RAMMET. In both of these 

programs, the height of the mixing height for each hour is 

interpolated from twice daily mixing heights input into the 
program. The mixing height interpolation scheme used is a 

fianction of sunrise and smset at the given location where the 

meteorological data is valid.

The PPT:P and RAMMET preprocessor programs also deter
mine atmospheric stability according to the Turner method. As 

described earlier, the Turner method used to determine atmos
pheric stability is a completely objective method that relies, 

in part, on calcuation of solar elevation angle, sunrise, and 

sunset. The Turner method of stability computation is used in 

both the PREP and RAMMET preprocessor programs. It is also used 

in the STAR program that is used by the National Climatic Center 

to generate annual average meteorological information in the 

STAR format.

Because of this dependency of mixing height interpola
tion and stability calculation upon sunrise/sunset at a given 

location, the existence of periods with circumpolar sun condi
tions is very important for Prudhoe Bay.

Mixing Height Calculations for PREP

PREP (and RAMMET) were not designed to handle the 

situations where a meteorological station above the Arctic Cir
cle experiences periods where the sun is circumpolar. In fact,
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PRE? will terminate in the middle of a run when used with meteor
ological data from above the Arctic Circle.

There are two problems associated with PREP. First, 

the computational scheme physically will not work near the sol
stices since the program attempts to take the square root of a 

negative number. Second, given a correction to the square root, 

sunrise/sunset problem, the interpolation scheme for mixing 

heights near the solstices produces an interpolation that is a 

function of nonexistant sunrises and sunsets. Hence, the inter
polation scheme will generate mixing heights of dubious validity 

near the solstices.

The principal driving force producing daily variations 

in the depth of the mixing layer at a given location is the diur
nal cycle of daytime solar heating and nighttime radiational 
cooling. For the circumpolar sun situation, this diurnal cycle 

is eliminated, or greatly decreased in intensity. The result is 

that the PREP mixing height interpolation scheme that is based 

upon this normal diurnal heating/cooling cycle is probably not 
valid.

Modification to PREP

(1) Justification for Modification

It was necessary to determine a mixing height inter
polation scheme for PREP for use near the solstices. The simple 

method of straight linear interpolation between successive after
noon mdxing heights was chosen for use during the circtimpolar sun 

periods. The normal PREP interpolation was used during the rest 

of the year.
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This scheme is reasonable for several reasons:

• During the circumpolar sun periods, the normal 
driving force of mixing height variation, the diur
nal heating/cooling cycle, is absent. Synoptic and 

mesoscale meteorological conditions then become -the 

predominant driving force causing the mixing height 
to vary. It is not reasonably easy or practical to 

include S3moptic and mesoscale meteorological fac
tors in an interpolation scheme for mixing heights. 
Thus, in lieu of a theoretically more valid scheme, 
the simpler scheme should be used.

• Intuitively, straight interpolation is reasonable. 
Near the sijinmer solstice, there is not the strong 

radiational cooling at night that normally produces 

low morning mixing heights. Near the winter sol
stice, radiational cooling is occurring constantly 
and there is no solar heating causing the afternoon 

mixing heights to rise compared to the morning value. 
Thus , any mixing height changes over a period will 
appear to change smoothly between successive values.

• The normal PREP interpolation scheme uses linear 
interpolation of m.ixing height values for most 
situations.

(2) Modification to PREP

The flow chart for the modification to PREP is given 

in Figure E-1. The actual FORTRAN code of the altered PREP pro
gram is given in Table E-1. New or changed lines of code are 

identified in the table. A schematic diagram of the mixing 

height interpolation scheme is given in Figure E-2.
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In general, the changes to the PREP program were rela
tively simple. The following computational or logic steps were 

added to PREP.

(a) The interim trigonometric values used to calculate 

sunrise/sunset, and solar elevation angle, were 

limited to the range -1 to +1, which is the normal 
sine and cosine range. The correction was applied 

■to the cosine of the half day length angle and also 

to the sine of the solar elevation angle. Without 
these trigonometric limits, the program attempts
to take the square root of a negative number dur
ing certain circumpolar sun conditions and give 

extraneous values during other circumpolar sun 

conditions.

(b) Based upon the solar declination, a flag variable 

was assigned a value corresponding to circumpolar 
summer, circumpolar winter, and all other times.

(c) Sunrise and sunset were limited to 0000 hours and 

2400 hours, respectively, at all times. During 

circumpolar summer, the sunrise and sunset were 

set to 0000 hours and 2400 hours respectively.
This is necessary to prevent sunrise or sunset 
from being outside a given calender day.

(d) At the beginning of mrxing height calculations, 
the flag variable was checked. For circumpolar 

sun conditions in siummer and winter, the program 

branched to straight interpolation for mixing 

heights. For all other times, the program con
tinued through the normal PREP interpolacion scheme.
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(3) Significant Aspects of PREP Modifications

There are several important consequences of the normal 
and modified PREP mixing height interpolation scheme.

(a) Under all stability conditions, PREP continues
the afternoon maximum mixing height from 1400 hours- 

until sunset. For the period just before the sun 

becomes circumpolar and just finishes being cir
cumpolar in the summer, the afternoon maximum 

mixing height is continued straight for 9 or 10 

hours. For the above two cases, the sunset is 

near 2400 hours and so the same mixing height is 

maintained from. 1400 to 2200 or 2300 hours. In 

certain circumstances, this may not be a reason
able assumption. However, to correct this defi
ciency would entail added modification to PREP 

beyond what was required. Radian felt this was 

not a significant point and so did not further 

modify PREP.

(b) Depending upon the location of a meteorological 
observation station within its time zone, sunrise 

or sunset may potentially be on the previous 

calendar day or the following one. For example, 
sunset may be at 0020 hours the next day. On a 

different day, sunrise may be at 2348 hours. The 

computation scheme will not work properly when 

this happens since, for example, on the day with 

sunrise at 2348 hours, sunset x^ill probably be 

near 2300 hours and so sunrise will be after sun
set, an impossible circumstance computationally. 

This is so because the program carnet know that
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these values are on two different days. This 
problem is alleviated by limiting sunrise/sunset 

to 0000 hours and 2400 hours, respectively. On a 

few days, this will produce times of sunrises or 

sunsets slightly different than actual times. This 

problem is minor, however, and so was ignored.

Source of Mixing Height Data

Twice daily mixing heights for Barter Island for 1964 

were used in the PSD analysis. These mixing height data were 

provided to Radian by SOHIO. The original source of the data 

was the National Climatic Center which applied the Holzworth 

Method (Turner, 1961) to 1964 Barter Island upper air soundings 

to produce twice daily mixing heights.

Turner's Method and Sunrise/Sunset

Turner's Method requires that the times of sunrise and 

sunset and solar elevation angles be calculated. In the PREP . 
RAMMET and STAR programs, if the program correctly handles all 
sunrise/sunset and solar elevation angle calculations, the pro
gram correctly calculates stabilities using Turner's Method.
This applies whether the sun is circumpolar or not. This is 

not saying, however, that Turner's method is completely valid 

for use in the circtimpolar sun region. This point has already 

been discussed earlier.

Radian modified its STAR program to correctly calcu
late effective circumpolar sunrises and sunsets according to 

the same methodology described for modifying PREP. The equa
tions used in both programs are identical and so a listing of 

the change was felt not to be necessary since the modification 
to PREP is described in this appendix and is listed in Table E-1.
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00504
00505
00506
00507 
00507 
OObl 0 
0 0 51 2 
0C5l 3 
0 0 51 4 
0 0 515 
0 0 51 b 
005i K, 
i) 0 51 7

lai’t'
104*
105 + 
1B6 + 
l‘i7 +
106 + 
l,l‘3 + 
190 +
191 +
192 + 
195 +
194 +
195 +
196 +
197 + 
196 + 
199* 
20 0 + 
201 + 
^02 + 
2 0 3 + 
2u4* 
2 05 + 
2 U 6 ♦
207 + 
200 + 
209* 
2l0 + 
211* 
212 +
21 3 + 
214 + 
2 15* 
216* 
217 + 
210 + 
219 +
22 0 + 
2 21 + 
222 + 
223*
224 +
225 +

on

9 0

1 0 0

TU loo

IUIG(11)) GOTO 110

110

120
130
140
150

GO TO 130

OC 90 JK=1,11 
Ip ( I CoVt44.ro. I DIG* JK) ) G(
LnrTii^Juf- 
Ok = H
W|<iT6 (10,530) IC0vf:f4 
1stY=JK-1 
IF <10(11.(1 ) ,Mf 
lord >=9
i.jr(2)=9 
liif: (54:0 
Go TO 150 
Do 140 JI=1,3 
Do 120 JK=1,10 
If (ICfIL(jI).FQ.InlG(jK)) 
corTiiMijt: 
l,;r (DI )=JK-1 
cor.TiNur
IiiOOF=lDG( 1 ) +100 + I,,G( 2 )*10 + IUG< 5)

C+* + IInDuf is CEIi IHG 44EIr,4IT IN HUMUHUjS OF FLfT.
C + +.CoOvrHT TF2lf’ FROM FAiiRtNlirH TO Ffc-LVIN 

ln"P(Ki4R)=0.5556*( tTFMP-32. )+273,15 
C+ + +COOVFRT jlNO SPFFD F*;UM KNOTS TO NFTFRS/SFC 

Sr:TSPt Fl) + 0.51444
r + t + wioo spfqd is set to 1 MET6|</SLC 

If (S.i_t.i.o) s=i,o
S(^F FD(kHR )=S 

C*+*ChI.ck for CAl.MS
If (lOlR.EO.O) GO TO IbO

C + + +WlN;l DIRfCTIoN IS ASSUMED To PE 1 HE SApE AS fOR Tl4E LAST ||OUK 
r+ + + lF T( E Wirjn DIRECTIOm is l<t( dried AS S)CALM‘^.

Dwr=ioiR 
Go TO 170 

160 lf.»lR=Lun 
170 3njR = i,,iR*io,
('♦ f^CALcia ATF FLog VrCTOi? and l<AM'iO''l FLOW vECjOr 

If (XOjK.Gl.lflO,) ro To Itf 
4 V = X 0 1 H +16 0 .
Go TO 190 

100 F VrXDI|(-160 .
ISO A,:\/(KH(> ) =FV

llU.ND = ,(Alin(KllR)*10.
r + + + lRAfio IS SINGI.E digit FROM 0 TO 9.

4-VI'(K4lK)=Fv+IRAND-4,n

MET01450 
MET01460 
METOl470 
MET014W0 
MET01490 
MET015U0 
METOl510 
MET01520 
MET01550 
Mf T01540 
METOl550 
METOl560 
METOl570 
METOl560 
METoisyo 
MET01600 
METOl610 
METOl620 
MET01630 
MET01640 
METOlbbO 
MET01660 
METOl6/0 
METOl660 
METOl690 
MET01700 
|''TT01 710 
MET01720 
METOl750 
MET01740 
METOl750 
METOl760 
METOl770 
MET01760 
MFTni790 
MLT01860 
MET01610 
MET 01620 
METOl850 
Mf TOl 840 
METOiabO 
METOl060 
MET016/0



005?0 2^6* Ip (FVR(KIIR) ,GT.36n. ) P VH ( Kl IK ) =P VH ( KHK ).
nob20 227* r*t*np IPPi'IIIML RAniATION inOEX,
00522 220+ Ap (ISKY.Pn.lO.ANn;if<OOP,LT.70) GO TO 20»
30524 22‘3+ Ip ( IHoiJK .GT.TSK. At.U, IHODR.LT. ISS) GO To 2l0
00526 ?.}0* lpAi3X = 2
00527 241* Ip (ISkY.LP.4) IRAnX=l
00531 232* Go TO 2«0
00532 233* 200 1raOX=3
00533 234* Gq jO 2B0
00533 235* r** *Dp 11 RhlNp THf ADGLEI oF ELPVaTIQM
00533 236* r***OE•frMIHE SOlAR HOUR ANGlF(RAIUANS)
00534 237* 210 Hi=(15,*(KhRC-AMM)+TEMpz)/CONST
00535 230* A, rSN = SlMLAT*nslN + nCOS*COELAT*GOS(HI)
00535 239* C.
00536 240* Ip (ALpSN.GT.1.0) aLFSN = 1.0
005<40 241* Tp (ALfSII.lt.-1.0) ALPSPj = -1.U
0051)0 242* r

METOiaBO 
riETOiftyo 
MET01900 
METf.1910 
METOI 9i^0 
f1ET019^0 
MET01940 
HET019G0 
MET01960 
l'1ETC1970 
MET019B0 
MET01990 
MET02000

♦new
♦NEW
*NEW
♦ new0^jb^0 243* C***OplERMlNp solar elevation ANCLE(UEG). MET02010

ou542 244* Alf = ATaM2( ALFS|\|,SQrT( 1.-ALPSN*ALPSN) )*CoNsT MET02020
0 0 543 245* Uq 220 1=1,3 MET02030

W0 0 54P 246* ?20 Ip (ALf.GT.ANGL( I) » GO TO ?30 METG2040
1^00551 247* 1=1) '1ET02050
-^00552 240* 230 1C| ! = 5- I I3ET02060

00553 249* IP (ISkY.Gt.5) GO tO 240 MET02070
00555 250* 1KADX=1CN*3 ME IO?OUO
0 0 556 251* GO TO poo MET02090
0 0 557 2d2* ?40 1raU^=ICN-1 MET02100
0 0 5f,0 253* Ip ( IROOP.LT.70) Go TO 250 MET02110
0 0 56? 2;, 4* ip (IRoOF.LT.160) GO TO 260 MET02120
00564 255* Ap (ISkY.E0.10) go to 270 HET02130
0 0 566 256* 1raUX=TCN MET02140
005b7 257* Go TO 270 MET02150
00570 2 50* ?50 lRAOX = iCIJ-2 ■'IET021b0
00571 2 59* Go TO 270 MET0?l70
01)572 260* 260 If (ISkY.Eo.10) IRArjX = TRAL>;-l MET02100
0 1)574 26.1* 27 0 Ip (IRa'JX.LT.1) 1RAUX = 1 MET02190
00576 262* If<A0X = lRAn'< + 3 MET02200
00577 2 6 3 * 200 Iri[ =IS|'ELfi MF.T02210
00600 264* Ip (rspErn.GT.i2) iriD=i2 MET02220
00602 265* Ip (isi>tpn.i p.i) irio=i MET0?2^0
00602 2 6 6 ♦ r * * *0E ) £ l. n I Hi ST ah I L I T Y . riET0224 0
U(,604 267* Ksr(KHr)=LsTAB(IHO.IRAnX) rETfi2250
00604 260* (*♦ *U0 fjCT Ai.lOW stability TO VARY RAPIDLY MET022G0



OOGOb 2694
00607 270*

1 00611 27I^
0 06l3 2 7?.*
006] 4 273*
00614 2744 C4 4
0 0 623 2754
00624 276»
00624 2774 r:00624 2 7b* c0062b 2794
0062b 2604 c00627 2614
00631 2624
00632 2634
30634 2644
00636 28b4
00637 2G64
OO64O 267 + 290
00641 2664

^ 00643 2694
lo 00644 290 4 50 0
» 0064b 2914

00646 2924
0064 7 2934 310
006bl 294 4
006b2 29b»
006S4 2964
0 06bb 2974
0Uob6 2 96 4 32 0
0 0 6;-,7 2994
00661 30 0 4
00662 3014 530
00664 3024
0066b 3034
00666 304 4
006b7 30b4 54 0
O067O 3064
00671 3074
0 0 672 3064 3b0
00673 3094
00673 3104 r00673 3114 c.

If (iny.FQ. l.ANO.KiiU.CO.l ) 1 bT = KST ( K||K ) MET0?270
If ( (KsT(Kiiio-LST) .GT.D KST ( KMK ) =LS f + 1 METOP200
If ( (LsT-KsT(KhR) » .GT.l ) hST (KHhi)=LST-l METOP^yO
LS7=KSt(KI1r) MET0P300
if (KSyCKUR ) .LT.l ) WMlTf (lOiSHO) KSl ( Ki|K ) , j NO t IRAOX • IHEC MET0?310

f^EALciiLATr MIXING llEIr-HI MET0P320
1HI> = KMkc MET023iO
XHf, = IHu MLT0?3H0

Cllt-Cf, for CiRCUMPOLAp RUN AND dRAlMCH TO PROpER MIXING HEIGHT SCHEME,
If ( inf.C.En.2.0R. lUEC.EO.?) GO TO 35S

If (IHr.GT.1U.AND.xHR.LE.1SS) go to 300 MET023b0
lrj|i = 2 MET023G0
Ip (XHr.LE.TSS) go to 310 MET0?370
If (KSr(KHr),EQ,H) GO TO.250 MET023O0
UlH(2,«HR)=XAF+(XMmP1-XAF)4((xHR-TSS)/(24.-tSS)) MET02350
lN|'. = l METP2400
HLh(INn,KHR)=XAF+(vAFPi-XaF)♦((XHR-TsS)/(36.-TSS)) METOFUlO
If (INd.EO.2) HLH(i,KHr)=HLH(2«MIR) MFT02420
Go TO 560 MET0P430
NlH(1»KHR)=XAF MET02440
HLII(2.kHR. )=XAF METOPUbO
Go TO 3G0 MET02UG0
If (XHr.GT.TSR) GO TO 330 METfi2470
RStSP=kST(KHR) MET024O0
Ip (RSt(KHr).EQ.4) GO TO 320 MET024y0
NLll(2«i<IIR )=XMN MET02b00
lNr; = l MET02blu
NU ( INniKHR)=XAFMl4.(XAF-XAFMl )♦( ( 24 ,-TSs + XllR ) / ( 24 .-TSS + iU . ) ) MET02b20
If (lND.tO.2) HLiKl iKHr)=);LH(2»KHR) MET02b30
GO TO 3G0 MET02540
If (KStSP.FQ.U) go to 3‘JO METOPbbO
Ul II<2,kHR)=XMI'I+(XAF'-XMN)* ( ( XHR-TSR)/(14,-TSR) ) MET0 2bG0
NLIi( 1 •KH(n=XAF* (XHu'-TSR)/nu.-ISR) MET02570
Go 70 3E0 riET02b60
IflAG=i MET02by0
IilOUH = n METOpfoOO
Gf, TO 570 MET02610
H|.|l( 1 .kHR )=XAFM1+ ( xAF-XAFM ) ♦( ( 24 .-T.SS + XHr ) / ( 24 ,-TSS + 14 . ) ) MET0 2G2 0
HLt((2.KilR )=HLH( ItKnR) MET02G30

NlXjrG HfiGHT interpolation fOR CIRCUMPOlaK SuN,

♦ NEW
♦ NEW
♦ new
♦ NEW

♦NEW 
♦ new



00&74 
00£j7fc 

I 00700
00701
00702 
0 0 7 0 3
00704
00705 
0 0 7 0 5 
00705 
00700 
00700 
0071 0 
007l2 
0 07i 3 
00714 
007l 4 
00733 
00733
0 0734 

W 00 734 
,^0 0734 
'^00734

0o73t
00773
01003
01 011
0 1 01 I 
01042
01 0t(4 
ij 1 1 0 1 
0111 1 
01117 
UllhO 
01152
01152
01153 
01 154
01154
01154
01155
0 1155
01 15h

312* 
ol3 + 
31 41 
315f 
3lb* 
317» 
SUi* 
3l‘J* 
320»
321 +
322 +
323 + 
324* 
325» 
32b* 
327* 
326* 
329* 
330* 
331* 
3 32* 
333* 
.3 34* 
335* 
336* 
337* 
330* 
339* 
34 0* 
34 1* 
34 2* 
343* 
34 4* 
34 5* 
34b* 
34 7* 
34 0* 
34 9* 
3 50* 
351* 
352* 
353* 
3j4*

355

356

357

If (KHu.ro.24) 
IF (KHn.5T.13) 
Hl.h( 1 *KIII< ) 
HlH(2,kHH)
Oq to 550 
HliM l.KHI<) 
HLH(2.Kllfn 
(-OnTINuF

GO TO 35b 
GO tO 357 

XAFMl + (XAF-X AFMD* ( 11 + KHHC)/a4 
HLH( l.’KHR)

XAF + (XAFFl - XAK)*(KHH - l3)/24 
HLH(l'“KHf()

350
C
c***«e:ao next HOiin*s met oat a
360 If ( IFlAG.FCJ.I) go to 390
C***STOKf COhRECT month aDO DaY FOR UAILY pRIrjroUT* SINCE 24Th HOUR 

1F(KHR.i'JE,23) go To 365 
LMON=lMOriTH 
Ln/iY=lDAY

365 REaO (fl.42o»ENl) = 340 )
1itfmp*ICOVFR 
iRf C = IrEC + 1

c***E[jU OF Hour loop.
370 E0(,,TIN1jE
c***wi{iTF hays Calculation on to file
r***EACH array Contains the coMpiriE information for one day oROEreo
c***slO(ifntI'u.ly from hour oi Thru 24

Write (oi iyear,lmoh.dayi*ksi.speed,tlmp.aFv*fvr,hlh 
write (10,550) IYEAR,LMON,LI.AYfDAYl,TSK,TsS 

KST
SPErn.TEM)’, AFV.T VR, ( (HLH( 1 , J) ,J=1,24 ) t 1 = 1.2)

Write (Iu,560) 
wRTIF (10,570)

r** + E!jD oF Day loop.
300 
39 0

c
4 00 
4 1 0

4 20 
r
4 3ij

Format (i5,12,ix,2rio,i.fl.o,i4,fio.o) 
flrmaT(* Station NnMt<Ei; = ’,i5,5X, »yeai. of

*'l A mnDl =• ,F10.1, t L0N(UTHDL='tFlO.l, •
♦ ’NN-IDEr

Foi mat (15,4I2»3A1,22X,2If,4X,I3,29X,A1) 

Format (i2x,)5.0,6v,f5.0)

MET026*(0 
MET02650 

LAREMET026G0 
METO2670 
MET026U0 
METO 2690

In,lYEAK,IMOMTH.IUaY,IhOuR,IcrlL.InlR.ISPEEn,MET027UO
MET02710 
MET02720 
HET02730 
MET02740 
MET02750 
MET02760 
MET02770 
MET0P7U0 
MET02790 
MET02000 
MET02810 
MET02020 
nET02030 
ME 102040 
MET02050 
METOpObU 
MET020/O 
METOpOHO 
MET02090 
METOpgOO 
MET029IO 
MET02920 
MET02930 
MET02940 
MET02950

*NEW
*MEW
♦ NEW
♦ NEW
♦ new
♦ NEW
♦ NEW
♦ NEW
♦ NtW

LonTIHue
Write (9) TYEAU.LMnn.nAYl ,KST .SPEEU,TEf-ip,AFv,FVR,H| H 
Write 110,550) I YE,, R , LNOf 1, L I) A Y * u a y 1, t sr , l ss
Write 110,560) kst
Write (ir ,570) spEtij.Trni', afv.fvr, ( (hlh( i . j) . j=i ,24 ) * 1 = 1 *2) 
Write (IO,50o)
Lai l Exit

OAtA=',12/IX, 
ZoHF=*,F4.0/lx,

OF DAYS IN YEAr=',13.’ RANDOM SEED=•,F10.0)

♦ NEW
♦ NEW



01157 355* 44 0
01 157 356* f

1 OllGO 357 + 4 50
OllGO 350 +
01 161 359 + 460
01161 3b0 +
01162 3d1 + 470
01163 362 + 460
01 l64 36 3 + 490
01165 364 + 50 0
01166 365 + 510
01167 366 + 520
01167 367 +
01 170 36 6 + 530
01170 369 +
01 171 370 + 54 0
01172 371 + 550
01172 372 +
01173 373 + 56 0
01174 374 + 57fl

WOl 1 74 375 +
c1jOU74 370 +
‘^01175 377 + 560

01 175 376 + C
01176 3 79.

»-Ol^l''lAT ( 15, I2*5X»F‘S. Oif,X *r Ei. 1))

i-ONriAT (IX, • 19', 12
ixiMb hf.iGMT data At staUgm
Fop^'IAT (• ID DOES nOT rAiCH

+»♦ ID reoufsted is •

Surface: data at staTiou 
* ,1D)
IN record =

•tib.ioxt'iT'tiat*

I4»* U) ON tape is •

EOI.I'IAT 
EOl i'IAT 
EOi.MAT 
E ORDAT 
EOfU'lAT 
E Of MAT 

1 RfCOR,) 
EorMAT

lE AIILTS 
EorMAI
EOP mat

♦ Efi, 0 I •
EorMAT 
E opMAT

.15)
i3t* Instead 

» t2* • nots iNlOl
,I2':» Dot s NC.T agree wITh LOoP 
'.!?,• does hot agree with Loop 

♦****oat7 is missing, please correct 
error; Htssimg hour loop VaLUE= *,I3»

YEAR IS* 
MONTH • 
DAY • 
HOUR

OF ',12,' IREC=',I4) 
AGREE WITH LOOP • , 12, * iRECr*,14) 

,12,' IREC=*,I4) 
•,I2.' IRLC=»,I4) 
INPUT File****** )
* while VALUE

*NEW
*NEW

MIMET029On**-2 
METCpgyo 

1I5MET03000 
MET03010 
MET0302U 
MET03030 
MET030HO 
MET03050 
MET030G0

IS = I 13 )
• , 'ONMET03070 

MET03000
,Ai,* IS NOT Allowable. *, • cloud cover oemeto309o

MET03100 
MET03110 
MET03120 
MET031>i0 
MET031‘t0

. i24(F4,1,1X)/* TEmP=* ,24(F4.0,IX)/* AFV= * . 24 ( FMLT031t>0 
FVR=*,24<F4.0,1X)/* HLH1=*,12(F5.0 * IX)/6X.12(f5.U,IX)/* MET031G0

.17,
(* the character 
ro 10.•)
(• STABlLITv=* .41**)
(• IYFAR=',t2,* II'10MTH='. 12. * DAy=*, 
SUNRISEr* .F-/.3. . SUHSEl = * .F7.3)
(• KST= *.2u(I1,4X))
(* SPEEH=

l4.f, ,1X)/. ............................ ....................
2Hl|i2=' ,12(E5.0,lX)/oX.12(f 5.U,1X) )

EOPMAT (• all records HAVE BEEN PROCESSED.)

RHE'

JULIAN OAY=*,

MET03170 
ME. TO 3100 
MET02iy0 
METO3200
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APPENDIX F

PLANT SPECIES ASSOCIATED WITH 

COMMUNITY TYPES IN THE 

PRUDHOE BAY AREA



WET MEADOW COM>fUNITY

Grasses:
Alopecurus alpinus 

Dupontia fischeri psilosantha 

Hierochloe pauclflora

Sedges:
Carex bicolor

- aguatilis

- capillarls

- chordorrhiza

- lachenalii

- lugens

- membranacea

- microglochin

- misandra

- physocarpa
- rariflora

- rotundata

- williamsii

Cottongrasses:
Eriophorum angustifolium

- callitrix
- russeolum leucothrix

- scheuchzeri

Horsetail:
Equisetum palustre

Rushes:
Juncus biglumis

- triglumis

F-1



WET MEADOW COMMUNITY (Continued)

Rushes (continued):
Scirpus caespitosus austriacus

Small heath shrubs:
Andromeda polifolia 

Chamaedaphne calyculata 

Ledum palustre decumbens 

Oxycoccus microcarpus

Small willows:
Salix fuscescens

- pulchra
- reticulata
- richardsonii

Herbs:
Cardamine pratensis 

Chrysosplenium tetrandrum 

Lysiella obtusata 

Pedicularis pennellii
- sudetica 

Petasites frigidus 

Pinguicula villosa
- vulgaris 

Rubus chamaemorus 

Saxifraga cernua
- foliolosa
- hirculus 

Tofieldia pusilla 

Triglochin maritima 

Valeriana capitata

F-2



Submerged rooted aquatics: 
Potamogeton spp.
Ranunculus gmelinl yukonensis 

Sparganium hyperboreum -

Emergent rooted aquatics: , 
Arctophila fulva 

Equisetum limosum 

Hippuris vulgaris 

Menyanthes trifoliata 

Potentilla palustris 

Ranunculus pallasii

Marginal emergent aquatics:
Carex aguatilis 

Eriophorum angustifolium 

Caltha palustris arctica 

Alopecurus alpinus

F-3



COTTONGRASS MEADOW COMMUNITY

Grasses and sedges:
Eriophorum vaginatum spissum 

Arctagrostis latifolia 

Carex bigelowii 
Festuca brachyphylla 

Juncus biglumis 

Luzula confusa 

Poa arctica

Small shrubs:
Betula nana exilis 

Dryas integrifolia 

Empetrum nigrum 

Ledum palustre decumbens 

Sallx pulchra
- reticulata

Herbs :
Eutrema edwardsii 
Polygonum bistorta plumosum 

Rubus chamaemorus 

Saussurea angustifolla 

Saxifraga hieracifolla
- punctata nelsoniana 

Chrysosplenium wrightii

F-4



FLOODPLAIN AND BANK COMMUNITIES

EARLY SUCCESSlONAL

Horsetails:
Equisetum arvense

- varlegatum

Grasses:
Agropyron spp. 

Arctagrostis latifolia 

Bromus pumpellianus 

Calamagrostis inexpansa 

Deschampsia caespitosa 

Festuca altaica

- rubra
Hierochloe alpina

- odorata 

Poa arctica
- glauca

Trisetum spicatum

Sedges and rushes:
Carex aquatilis

- membranacea
- physodcarpa
- rupestris

Eriophorum angustifolium
- scheuchzeri 

Juncus arcticus alaskanus

- castaneus 
Luzula spp.

F-5



FLOODPLAIN AND BANK COMMUNITIES (Continued)

Herbs (continued):
Papaver macounii 
Parnassia kotzebuei 
Pedicularis spp.
Phlox sibirica 

Polemonium spp.
Saxifraga spp.
Senecio lugens 

Solidago multiradiata 

Taraxacum spp.
Zvgadenus elegans

LATE SUCCESSlONAL

Trees:
Populus tacamahacca 

Salix alaxensis

Shrubs:
Alnus crispa 

Salix arbusculoides
- desertorum
- glauca acutifolia
- niphoclada
- pulchra
- richardsonii
- walpolei

Shepherdia canadensis

Herbs:
Aconitum delphinifolium

F-6



FLOODPLAIN AND BANK COMMUNITIES (Continued)

Shrubs:
Potentilla fruticosa 

Salix alaxensis
- arbusculoides
- niphoclada
- pulchra
- richardsonii
- walpolei

Shepherdia canadensis

Herbs:
Artemisia arctica

- tilesii 
Aster sibiricus 

Astragalus alpinus
- umbellatus 

Cardamine richardsonii 
Castilleja pallida 

Cerastium beeringianum 

Draba spp.
Epilobium angustifolium

- latifolium 

Erigeron spp.
Erysimum pallasii 
Hedysarum alpinurn americanum

- mackenzii 
Lupinus arcticus 

Melandrium spp.
Merckia physodes 

Minuartia spp.
Oxytropis spp.

F-7



Herbs (continued):
Anemone richardsonii 
Astragalus eucosmus 

Dodecatheon frigidum 

Hedysarum alpinum amerlcanum 

Parnassia palustrls 

Pedicularis capitata
- verticlllata 

Polemonium acutiflorum 

Polygonum viviparum 

Primula egaliksensls 

Pyrola grandiflora
- secunda obtusata 

Valeriana capitata

F-8




